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Memorandum - Final        F/NWR5 
           
To: Bruce Suzumoto 
 
From: Ritchie Graves 
 
Date: April 21, 2008 
 
RE: Estimates of ESU/DPS-specific adult survival rates within the FCRPS based on 

PIT tag detections at Bonneville, McNary, and Lower Granite dams. 
 

The purpose of the memorandum is to: 
1) document the approach used in the Supplemental Comprehensive Analysis to estimate 
ESU-specific survival rates of adult salmon and steelhead migrating through the FCRPS,  
2) provide the results of this analysis (see attached Excel spreadsheets),  
3) discuss issues arising from this analysis, 
4) additional exploratory analysis resulting from the identification of these issues, and  
5) recommend measures to address them. 
 
Approach 
The approach used to estimate ESU/DPS-specific adult survival rates through the FCRPS 
projects depends upon detections of PIT tagged adults at Bonneville Dam (BON), and the 
redetection of these same fish at upstream locations (McNary or Lower Granite dams). 
These raw conversion rates (minimum survival estimates) are then adjusted using best 
estimates of harvest (from US v Oregon TAC representatives) and straying rates 
(estimates from adult radio-telemetry studies) to provide a minimum survival estimate for 
the reach of interest (i.e., BON to MCN or BON to LGR).  This method has several 
advantages over previous methods (i.e., radio-telemetry or dam counts): 1) it relies upon 
full detection of PIT-tagged adults and so does not require additional handling or surgery 
which could affect adult migration behavior; 2) it produces survival estimates for 
individual ESUs / DPSs using known origin fish as surrogates; 3) the calculations are 
simple and straightforward (only estimates of harvest and straying rates between 
Bonneville and the upstream detection site are needed); and 4) the PIT-tag database is 
commonly available – ensuring transparency and reproducible results. 
 
Key Calculations  
Specifically, the methodology for estimating adult system survival uses 2002 to 20071 
adult returns and includes the following steps: 
 

                                                 
1 2002 to 2007 data were used in the calculation of averages unless one of the following conditions 
warranted that a particular year be excluded:  small (n<20) sample sizes, low MCN detection efficiencies, 
or incomplete adult returns. 
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1. Determine the number of PIT-tagged adult salmon and steelhead detected at 
Bonneville Dam that represents the ESU / DPS in question.2 This is accomplished by 
selecting adult detections from the PITAGIS database that meet the following 
requirements: 1) are of known origin, i.e., are from the ESA-listed stock or the best 
available surrogate stock, and 2) returned as adults (i.e, 1-salt “jack” Chinook salmon 
are excluded).3 For example, to represent Upper Columbia River spring Chinook 
salmon, select all appropriate age 2+ spring Chinook salmon tagged upstream of 
Rock Island Dam detected at Bonneville Dam to represent Upper Columbia River 
spring Chinook salmon. 
 
2. Determine the number of PIT-tagged adult salmon and steelhead (of those 
identified in step 1) that were re-detected at McNary or Lower Granite dam (or at 
locations upstream of these dams). 
 
3. Calculate an unadjusted survival rate: S = NU / NB where S = survival rate, NU = 
number of fish re-detected at or above the upstream targeted dam (McNary or Lower 
Granite), and NB = number of fish initially detected at Bonneville Dam.4 
 
4a. Calculate an adjusted survival rate for the BON to MCN reach (for all stocks): 
S = (NU / NB) / ((1 – Nharvzone 6) X (1 -  Nstray)) where Nharv = estimated harvest5 
rates provided by US v Oregon Technical Advisory Committee (TAC) members and 
Nstray = estimated straying (turning off and remaining in spawning areas before 
reaching the targeted upstream dam) based primarily on recent radio-telemetry 
studies.   
 
4b. Calculate an adjusted survival rate for the BON to LGR reach (for Snake River 
stocks: 
S = (NU / NB) / ((1 – Nharvzone 6) X (1 – Nharvupstream of MCN) X (1 -  Nstray)) 
where Nharv = estimated harvest4 rates provided by US v Oregon Technical 
Advisory Committee (TAC) members and Nstray = estimated straying (turning off 
and remaining in spawning areas before reaching the targeted upstream dam) based 
primarily on recent radio-telemetry studies. 
 

                                                 
2 Because increased levels of straying have been associated with transportation as juveniles, this analysis is 
conducted separately for fish that were transported or migrated inriver as juveniles. 
 
3 The Action Agencies were advised by NMFS and other PWG parties, most notable Washington to 
exclude jacks from the adult survival performance metrics because these smaller male fish have little effect 
on the productivity of populations and harvest and stray rate estimates used to calculate fish losses due to 
the hydro system are not generally applicable to jacks. 
 
4 NOTE:  An estimated MCN to LGR conversion rate is calculated for SR Chinook and steelhead as    
(SBON-LGR / SBON-MCN) where SBON-LGR is the unadjusted survival estimate from Bonneville to Lower Granite 
dams and SBON-MCN is the unadjusted survival estimate from Bonneville to McNary dams. 
 
5 Harvest estimates in the BON to MCN reach require estimates of zone 6 harvest rates.  Harvest Estimates 
in the BON to LGR reach require estimates of zone 6 harvest and of additional harvest within the McNary 
pool and lower Snake River.  
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5.  Calculate (for purpose of comparison) the Per Project Adjusted survival rate for 
the reaches:  PPS = S^(1/n), where PPS = Per Project Survival, S = the Reach 
Survival Estimate, and n = the number of dams within the reach.   
 

Results 
The detailed results of this analysis, including estimates of harvest and stray rates, are 
included in the Excel spreadsheet attached to this memorandum.  A summary of the 
results (reach survival estimates) is provided in Table 1. 
 
Table 1  Summary of Reach Survival Estimates (BON to MCN, MCN to LGR, and 
BON to LGR) and corresponding Per Project Survival Estimates. 

 Adj. Conv. Rate Per Project Adj. Conv. Rate 

Species BON to 
MCN 

MCN to 
LGR 

BON to 
LGR 

BON to 
MCN 

MCN to 
LGR 

BON to 
LGR 

SR Fall Chinook  
(inriver) 88.0 92.0 81.0 95.6 97.9 96.9 

SR Fall Chinook 
(transported) 84.8 88.3 74.9 94.5 96.9 95.8 

SR spr/sum Chinook 
(inriver) 94.9 95.9 91.0 98.3 99.0 98.6 

SR spr/sum Chinook 
(transported) 89.2 94.3 84.1 96.2 98.6 97.5 

SR sockeye 
(inriver)* 

 
91.4 

Assumes = 
per project 

survival 
81.1 97.1 

Assumes = 
per project 

survival 
97.1 

SR steelhead   
(inriver) 

 
95.3 94.6 90.1 98.4 98.6 98.8 

SR steelhead  
(transported) 

 
89.6 92.9 83.3 96.4 98.2 97.4 

UCR spring Chinook 
(inriver) 90.1   96.6   

UCR steelhead  
(inriver) 

 
84.5   94.5   

NOTE:  Bold text 
*  These results are based on surrogates (Lake Wenatchee and Okanogan River sockeye salmon) tagged as 
adults and released at Bonneville Dam in 2006 and 2007).  The BON to MCN reach survivals were 
expanded to the BON to LGR reach by assuming that the average per project survival (BON to MCN) 
would apply equally to the four dams in the MCN to LGR reach.  None of these fish were transported. 
 



Data Provided by:

PIT Tag detections at BON and redetections at MCN and LGR were provided by Charlie Paulsen (BPA Contractor) in January 2008.

PIT Tag detections of sockeye salmon at BON and redetections at MCN were provided by Paul Ocher (Corps of Engineers) in Oct. 2008.

Harvest rate estimates were provided by Stuart Ellis (CRITFC) - member of the U.S. v Oregon Technical Advisory Committee in Jan 2008.

Stray rate estimates were summarized by David Klugston (COE) in October 2007 from: 
M.L. Keefer, C.A. Peery, J. Firehammer, and M.L. Moser.  2005  Straying Rates of known-origin adult Chinook salmon and steelhead 
within the Columbia River basin, 2000-2003.  Technical Report 2005-5.

Note regarding McNary Detection Efficiencies:

McNary adult PIT tag detectors became operational in 2002.  However, near 100% detection rates were not achieved until 2003.



Summary of Expected Adult Survival based on PIT Tag Conversion 
Rate Analysis of Snake River and Upper Columbia River ESUs

Adults -               
That Migrated Inriver    

As Juveniles

BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%) Minimum Maximum

SR Fall Chinook 88.0% 92.0% 81.0% 58.8% 98.6%

SR Spr-Sum Chinook 94.9% 95.9% 91.0% 81.6% 97.9%

SR Sockeye Salmon 91.4% 81.1% 79.1% 83.2%

SR Steelhead 95.3% 94.6% 90.1% 85.6% 93.8%

UCR Spr Chinook 90.1% 86.1% 96.1%

UCR Steelhead 84.5% 77.6% 90.7%

Surrogate Estimates for Lower River ESUs / Populations
MCR Steelhead - 1 dam 98.5% 97.8% 99.1%
MCR Steelhead - 2 dam 97.0% 95.6% 98.2%
MCR Steelhead - 3 dam 95.6% 93.5% 97.3%
CR Chum - 1 dam 96.9% 92.7% 99.8%
LCR Chinook - 1 dam (spring run) 98.6% 97.1% 99.7%
LCR Chinook - 1 dam (fall run) 96.9% 92.7% 99.8%
LCR Coho - 1 dam 96.9% 92.7% 99.8%
LCR Steelhead - 1 dam 98.5% 97.8% 99.1%

Adjusted Conversion Rates Adjusted Conversion 
Rates



SR Fall Chinook - Conversion Rate Estimates from Bonneville to McNary and Lower Granite Dams 4/24/2008

Based on PIT tag detections of known origin adults (excluding one-ocean jacks) that migrated inriver or were transported as juveniles.
Adjusted conversion rates are calculated as (# at MCN or LGR / # at BON) / ([1-Harvest Rate]*[1-Stray Rate])

Year Number at 
BON

Redet.   @ 
MCN*

Redet.    
@ LGR

BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

Zone 6 
Harvest 
Rate**

Above 
MCN 

Harvest 
Rate**

Stray Rate BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN   (3rd 

root)

MCN to 
LGR     

(4th root)

BON to 
LGR    

(7th root)

2002* 52 32 31 61.5% 96.9% 59.6% 22.4% 0.2% 3.3% 82.0% 97.1% 79.6% 93.6% 99.3% 96.8%
2003 146 126 119 86.3% 94.4% 81.5% 14.4% 0.1% 3.3% 104.3% 94.6% 98.6% 101.4% 98.6% 99.8%
2004 308 254 239 82.5% 94.1% 77.6% 14.3% 0.1% 3.3% 99.5% 94.2% 93.7% 99.8% 98.5% 99.1%
2005 251 173 142 68.9% 82.1% 56.6% 17.8% 0.0% 3.3% 86.7% 82.1% 71.2% 95.3% 95.2% 95.3%
2006 193 98 87 50.8% 88.8% 45.1% 20.7% 0.0% 3.3% 66.2% 88.8% 58.8% 87.2% 97.1% 92.7%
2007 247 176 165 71.3% 93.8% 66.8% 17.6% 0.0% 3.3% 89.4% 93.8% 83.9% 96.3% 98.4% 97.5%
Mean 70.2% 91.9% 64.5% 17.9% 0.1% 3.3% 88.0% 92.0% 81.0% 95.6% 97.9% 96.9%

86.4%

Year Number at 
BON

Redet.   @ 
MCN*

Redet.    
@ LGR

BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

Zone 6 
Harvest 
Rate**

Above 
MCN 

Harvest 
Rate**

Stray Rate BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN   (3rd 

root)

MCN to 
LGR     

(4th root)

BON to 
LGR    

(7th root)

2002* 0.2%
2003 17 16 14 94.1% 87.5% 82.4% 14.4% 0.1% 3.3% 113.7% 87.6% 99.6% 104.4% 96.8% 99.9%
2004 65 55 51 84.6% 92.7% 78.5% 14.3% 0.1% 3.3% 102.1% 92.8% 94.7% 100.7% 98.2% 99.2%
2005 67 44 40 65.7% 90.9% 59.7% 17.8% 0.0% 3.3% 82.6% 90.9% 75.1% 93.8% 97.6% 96.0%
2006 23 13 11 56.5% 84.6% 47.8% 20.7% 0.0% 3.3% 73.7% 84.6% 62.4% 90.3% 95.9% 93.5%
2007 28 18 15 64.3% 83.3% 53.6% 17.6% 0.0% 3.3% 80.7% 83.4% 67.2% 93.1% 95.6% 94.5%
Mean 67.8% 88.4% 59.9% 17.6% 0.0% 3.3% 84.8% 88.3% 74.9% 94.5% 96.9% 95.8%

80.5%
Notes: 1. Shaded data were not used in the calculation of averages due to small (n<20) sample sizes, low MCN detection efficiencies, or incomplete returns.

2. Stray rates for "inriver" migrants were also used for "transported" migrants as a base condition for assessing the effect of transportation on adult conversion.
3. The Zone 6 harvest estimate for 2007 was estimated as the average of the 2004-2006 estimates.
4. MCN to LGR conversion estimates are calculated indirectly as (BON to LGR # / BON to MCN #)

*   McNary detectors became operational in 2002.  However, near 100% detection rates were not achieved until 2003.
**  Assumes that harvest rates are the same for spring and summer Chinook salmon; radio-telemetry studies indicate that reported harvest rate estimates may be lower 

than actually occur.

Adults (wild and hatchery) that migrated inriver as juveniles
PIT Tag Detections at BON and 

upstream redetections Unadjusted Conversion Rate Adjustment Estimates Adjusted Conversion Rates Adj. Conversion Rates

PIT Tag Detections at BON and 
upstream redetections Unadjusted Conversion Rate Adjustment Estimates Adjusted Conversion Rates Adj. Conversion Rates

Adults (wild and hatchery) that were transported as juveniles



SR Fall Chinook Mortality Estimates 4/24/2008

Mortality Estimates = (1-Survival)

Year BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN per 
Project

MCN to 
LGR Per 
Project

BON to 
LGR Per 
Project

2002* 18.0% 2.9% 20.4% 6.4% 0.7% 3.2%
2003 -4.3% 5.4% 1.4% -1.4% 1.4% 0.2%
2004 0.5% 5.8% 6.3% 0.2% 1.5% 0.9%
2005 13.3% 17.9% 28.8% 4.7% 4.8% 4.7%
2006 33.8% 11.2% 41.2% 12.8% 2.9% 7.3%
2007 10.6% 6.2% 16.1% 3.7% 1.6% 2.5%
Mean 10.8% 8.0% 18.8% 4.0% 2.1% 3.1%

Year BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN per 
Project

MCN to 
LGR Per 
Project

BON to 
LGR Per 
Project

2002*
2003 -13.7% 12.4% 0.4% -4.4% 3.2% 0.1%
2004 -2.1% 7.2% 5.3% -0.7% 1.8% 0.8%
2005 17.4% 9.1% 24.9% 6.2% 2.4% 4.0%
2006 26.3% 15.4% 37.6% 9.7% 4.1% 6.5%
2007 19.3% 16.6% 32.8% 6.9% 4.4% 5.5%
Mean 15.2% 11.7% 25.1% 5.5% 3.1% 4.2%

Adults (w+h) that migrated inriver as juveniles

Mortality Estimates Avg per Project Mortality Est.

Adults (w+h) that were transported as juveniles

Mortality Estimates Avg per Project Mortality Est.



SR Spring/Summer Chinook - Conversion Rate Estimates from Bonneville to McNary and Lower Granite Dams 4/24/2008

Based on PIT tag detections of known origin adults (excluding one-ocean jacks) that migrated inriver or were transported as juveniles.
Adjusted conversion rates are calculated as (# at MCN or LGR / # at BON) / ([1-Harvest Rate]*[1-Stray Rate])

Year Number at 
BON

Redet.   @ 
MCN*

Redet.    
@ LGR

BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

Zone 6 
Harvest 
Rate**

Above 
MCN 

Harvest 
Rate**

Stray Rate BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN   (3rd 

root)

MCN to 
LGR     

(4th root)

BON to 
LGR    

(7th root)

2002* 1136 989 963 87.1% 97.4% 84.8% 11.4% 0.3% 2.0% 100.2% 97.7% 97.9% 100.1% 99.4% 99.7%
2003 913 774 749 84.8% 96.8% 82.0% 8.5% 0.2% 2.0% 94.6% 97.0% 91.7% 98.2% 99.2% 98.8%
2004 1774 1527 1481 86.1% 97.0% 83.5% 9.5% 0.6% 2.0% 97.1% 97.6% 94.8% 99.0% 99.4% 99.2%
2005 608 533 509 87.7% 95.5% 83.7% 6.8% 0.1% 2.0% 96.0% 95.6% 91.7% 98.6% 98.9% 98.8%
2006 267 213 198 79.8% 93.0% 74.2% 7.2% 0.2% 2.0% 87.7% 93.1% 81.6% 95.7% 98.2% 97.1%
2007 168 142 133 84.5% 93.7% 79.2% 8.4% 0.4% 2.0% 94.1% 94.0% 88.5% 98.0% 98.5% 98.3%
Mean 85.0% 95.6% 81.2% 8.6% 0.3% 2.0% 94.9% 95.9% 91.0% 98.3% 99.0% 98.6%

92.9%

Year Number at 
BON

Redet.   @ 
MCN*

Redet.    
@ LGR

BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

Zone 6 
Harvest 
Rate**

Above 
MCN 

Harvest 
Rate**

Stray Rate BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN   (3rd 

root)

MCN to 
LGR     

(4th root)

BON to 
LGR    

(7th root)

2002* 1142 901 863 78.9% 95.8% 75.6% 11.4% 0.3% 2.0% 90.8% 96.1% 87.3% 96.9% 99.0% 98.1%
2003 1196 952 903 79.6% 94.9% 75.5% 8.5% 0.2% 2.0% 88.8% 95.1% 84.4% 96.1% 98.7% 97.6%
2004 525 424 403 80.8% 95.0% 76.8% 9.5% 0.6% 2.0% 91.1% 95.7% 87.1% 96.9% 98.9% 98.1%
2005 502 416 403 82.9% 96.9% 80.3% 6.8% 0.1% 2.0% 90.7% 97.0% 88.0% 96.8% 99.2% 98.2%
2006 396 297 265 75.0% 89.2% 66.9% 7.2% 0.2% 2.0% 82.4% 89.4% 73.7% 93.8% 97.2% 95.7%
2007 416 341 314 82.0% 92.1% 75.5% 8.4% 0.4% 2.0% 91.3% 92.4% 84.4% 97.0% 98.0% 97.6%
Mean 79.8% 94.0% 75.1% 8.6% 0.3% 2.0% 89.2% 94.3% 84.1% 96.2% 98.6% 97.5%

90.3%
Notes: 1. Shaded data were not used in the calculation of averages due to small (n<20) sample sizes, low MCN detection efficiencies, or incomplete returns.

2. Stray rates for "inriver" migrants were also used for "transported" migrants as a base condition for assessing the effect of transportation on adult conversion.
3. The Zone 6 harvest estimate for 2007 was estimated as the average of the 2004-2006 estimates.
4. MCN to LGR conversion estimates are calculated indirectly as (BON to LGR # / BON to MCN #)

*   McNary detectors became operational in 2002.  However, near 100% detection rates were not achieved until 2003.
**  Assumes that harvest rates are the same for spring and summer Chinook salmon; radio-telemetry studies indicate that reported harvest rate estimates may be lower 

than actually occur.

Adults (wild and hatchery) that were transported as juveniles
PIT Tag Detections at BON and 

upstream redetections Unadjusted Conversion Rate Adjustment Estimates Adjusted Conversion Rates Adj. Conversion Rates

Adults (wild and hatchery) that migrated inriver as juveniles

Adjustment Estimates
PIT Tag Detections at BON and 

upstream redetections Unadjusted Conversion Rate Adjusted Conversion Rates Adj. Conversion Rates



SR Spring-Summer Chinook Mortality Estimates 4/24/2008

Mortality Estimates = (1-Survival)

Year BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN per 
Project

MCN to 
LGR Per 
Project

BON to 
LGR Per 
Project

2002* -0.2% 2.3% 2.1% -0.1% 0.6% 0.3%
2003 5.4% 3.0% 8.3% 1.8% 0.8% 1.2%
2004 2.9% 2.4% 5.2% 1.0% 0.6% 0.8%
2005 4.0% 4.4% 8.3% 1.4% 1.1% 1.2%
2006 12.3% 6.9% 18.4% 4.3% 1.8% 2.9%
2007 5.9% 6.0% 11.5% 2.0% 1.5% 1.7%
Mean 5.1% 4.1% 9.0% 1.7% 1.0% 1.4%

Year BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN per 
Project

MCN to 
LGR Per 
Project

BON to 
LGR Per 
Project

2002* 9.2% 3.9% 12.7% 3.1% 1.0% 1.9%
2003 11.2% 4.9% 15.6% 3.9% 1.3% 2.4%
2004 8.9% 4.3% 12.9% 3.1% 1.1% 1.9%
2005 9.3% 3.0% 12.0% 3.2% 0.8% 1.8%
2006 17.6% 10.6% 26.3% 6.2% 2.8% 4.3%
2007 8.7% 7.6% 15.6% 3.0% 2.0% 2.4%
Mean 10.8% 5.7% 15.9% 3.8% 1.4% 2.5%

Mortality Estimates Avg per Project Mortality Est.

Adults (w+h) that were transported as juveniles

Mortality Estimates Avg per Project Mortality Est.

Adults (w+h) that migrated inriver as juveniles



SR Sockeye - Conversion Rate Estimates from Bonneville to McNary and Lower Granite Dams 4/24/2008

Based on PIT tag detections of known origin adults (excluding one-ocean jacks) that migrated inriver or were transported as juveniles
Adjusted conversion rates are calculated as (# at MCN or LGR / # at BON) / ([1-Harvest Rate]*[1-Stray Rate])

Year Number at 
BON

Redet.   @ 
MCN*

Redet.    
@ LGR

BON to 
MCN (%)

Zone 6 
Harvest 
Rate**

Above 
MCN 

Harvest 
Rate**

Stray Rate BON to 
MCN (%)

Est. of 
BON to 
LGR %

BON to 
MCN   (3rd 

root)

BON to 
LGR    

(7th root)

2002*
2003
2004
2005
2006 493 436 88.4% 4.3% 0.0% 0.0% 92.4% 83.2% 97.4% 97.4%
2007 456 390 85.5% 5.4% 0.0% 0.0% 90.4% 79.1% 96.7% 96.7%
Mean 87.0% 4.9% 0.0% 0.0% 91.4% 81.1% 97.1% 97.1%

Important - This analysis uses Sockeye Salmon PIT-tagged at BON (likely of Lake Wenatchee and Okanogan River origin) as surrogates for SR sockeye survival.
 - Because no sockeye habitat or populations exist downstream of MCN, no stray rate is assumed in this analysis.

Notes: 1. Shaded data were not used in the calculation of averages due to small (n<20) sample sizes, low MCN detection efficiencies, or incomplete returns.
2. Stray rates for "inriver" migrants were also used for "transported" migrants as a base condition for assessing the effect of transportation on adult conversion.
3. The Zone 6 harvest estimate for 2007 was estimated as the average of the 2004-2006 estimates.
4. Est. of BON to LGR % adjusted conversion rate is estimated as the BON to MCN (3rd root) estimate per project conversion rate to the 7th power.

*   McNary detectors became operational in 2002.  However, near 100% detection rates were not achieved until 2003.
**  Assumes that harvest rates are the same for spring and summer Chinook salmon; radio-telemetry studies indicate that reported harvest rate estimates may be lower 

than actually occur.

Adults (wild and hatchery) that migrated inriver as juveniles
PIT Tag Detections at BON and 

upstream redetections Unadjusted Conversion Rate Adjustment Estimates Adjusted Conversion Rates Adj. Conversion Rates



SR Sockeye Mortality Estimates 4/24/2008

Mortality Estimates = (1-Survival)

Year BON to 
MCN (%)

Est. of 
BON to 
LGR %

BON to 
MCN per 
Project

BON to 
LGR    

(7th root)

2002*
2003
2004
2005
2006 7.6% 16.8% 2.6% 2.6%
2007 9.6% 20.9% 3.3% 3.3%
Mean 8.6% 18.9% 2.9% 2.9%

Adults (w+h) that migrated inriver as juveniles

Mortality Estimates Avg per Project Mortality Est.



SR Steelhead - Conversion Rate Estimates from Bonneville to McNary and Lower Granite Dams 4/24/2008

Based on PIT tag detections of known origin adults (excluding one-ocean jacks) that migrated inriver or were transported as juveniles.
Adjusted conversion rates are calculated as (# at MCN or LGR / # at BON) / ([1-Harvest Rate]*[1-Stray Rate])

Year Number at 
BON

Redet.   @ 
MCN*

Redet.    
@ LGR

BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

Zone 6 
Harvest 
Rate**

Above 
MCN 

Harvest 
Rate**

Stray Rate BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN   

(3rd root)

MCN to 
LGR     

(4th root)

BON to 
LGR    

(7th root)

2002* 766 611 580 79.8% 94.9% 75.7% 8.1% 1.2% 3.8% 90.2% 96.0% 86.7% 96.6% 99.0% 98.0%
2003 99 82 78 82.8% 95.1% 78.8% 10.8% 0.6% 5.3% 98.0% 95.7% 93.8% 99.3% 98.9% 99.1%
2004 307 250 246 81.4% 98.4% 80.1% 9.4% 0.4% 4.7% 94.3% 98.8% 93.1% 98.1% 99.7% 99.0%
2005 214 172 158 80.4% 91.9% 73.8% 8.6% 0.9% 4.7% 92.3% 92.7% 85.6% 97.4% 98.1% 97.8%
2006 94 81 72 86.2% 88.9% 76.6% 11.1% 1.1% 4.7% 101.7% 89.9% 91.4% 100.6% 97.4% 98.7%
2007 98 81 70 82.7% 86.4% 71.4% 10.5% 1.1% 4.7% 96.9% 87.3% 84.6% 98.9% 96.7% 97.6%
Mean 82.1% 93.8% 77.0% 9.6% 0.8% 4.6% 95.3% 94.6% 90.1% 98.4% 98.6% 98.5%

90.7%

Year Number at 
BON

Redet.   @ 
MCN*

Redet.    
@ LGR

BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

Zone 6 
Harvest 
Rate**

Above 
MCN 

Harvest 
Rate**

Stray Rate BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN   

(3rd root)

MCN to 
LGR     

(4th root)

BON to 
LGR    

(7th root)

2002* 606 448 414 73.9% 92.4% 68.3% 8.1% 1.2% 3.8% 83.6% 93.5% 78.2% 94.2% 98.3% 96.5%
2003 297 248 224 83.5% 90.3% 75.4% 10.8% 0.6% 5.3% 98.8% 90.9% 89.8% 99.6% 97.6% 98.5%
2004 357 270 252 75.6% 93.3% 70.6% 9.4% 0.4% 4.7% 87.6% 93.7% 82.0% 95.7% 98.4% 97.2%
2005 291 232 217 79.7% 93.5% 74.6% 8.6% 0.9% 4.7% 91.6% 94.4% 86.4% 97.1% 98.6% 97.9%
2006 128 94 86 73.4% 91.5% 67.2% 11.1% 1.1% 4.7% 86.6% 92.5% 80.2% 95.3% 98.1% 96.9%
2007 141 111 87 78.7% 78.4% 61.7% 10.5% 1.1% 4.7% 92.2% 79.2% 73.1% 97.3% 94.3% 95.6%
Mean 77.2% 92.2% 71.2% 9.6% 0.8% 4.6% 89.6% 92.9% 83.3% 96.4% 98.2% 97.4%

88.0%
Notes: 1. Shaded data were not used in the calculation of averages due to small (n<20) sample sizes, low MCN detection efficiencies, or incomplete returns.

2. Stray rates for "inriver" migrants were also used for "transported" migrants as a base condition for assessing the effect of transportation on adult conversion.
3. The Zone 6 harvest estimate for 2007 was estimated as the average of the 2004-2006 estimates.
4. MCN to LGR conversion estimates are calculated indirectly as (BON to LGR # / BON to MCN #)

*   McNary detectors became operational in 2002.  However, near 100% detection rates were not achieved until 2003.
**  Assumes that harvest rates are the same for spring and summer Chinook salmon; radio-telemetry studies indicate that reported harvest rate estimates may be lower 

than actually occur. Additional, unreported but significant harvest, is known to occur between MCN and LGR in some years.

Adults (wild and hatchery) that migrated inriver as juveniles
PIT Tag Detections at BON and 

upstream redetections Unadjusted Conversion Rate Adjustment Estimates Adjusted Conversion Rates Adj. Conversion Rates

PIT Tag Detections at BON and 
upstream redetections Unadjusted Conversion Rate Adjustment Estimates Adjusted Conversion Rates Adj. Conversion Rates

Adults (wild and hatchery) that were transported as juveniles



SR Steelhead Mortality Estimates 4/24/2008

Mortality Estimates = (1-Survival)

Year BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN per 
Project

MCN to 
LGR Per 
Project

BON to 
LGR Per 
Project

2002* 9.8% 4.0% 13.3% 3.4% 1.0% 2.0%
2003 2.0% 4.3% 6.2% 0.7% 1.1% 0.9%
2004 5.7% 1.2% 6.9% 1.9% 0.3% 1.0%
2005 7.7% 7.3% 14.4% 2.6% 1.9% 2.2%
2006 -1.7% 10.1% 8.6% -0.6% 2.6% 1.3%
2007 3.1% 12.7% 15.4% 1.1% 3.3% 2.4%
Mean 4.7% 5.4% 9.9% 1.6% 1.4% 1.5%

Year BON to 
MCN (%)

MCN to 
LGR (%)

BON to 
LGR (%)

BON to 
MCN per 
Project

MCN to 
LGR Per 
Project

BON to 
LGR Per 
Project

2002* 16.4% 6.5% 21.8% 5.8% 1.7% 3.5%
2003 1.2% 9.1% 10.2% 0.4% 2.4% 1.5%
2004 12.4% 6.3% 18.0% 4.3% 1.6% 2.8%
2005 8.4% 5.6% 13.6% 2.9% 1.4% 2.1%
2006 13.4% 7.5% 19.8% 4.7% 1.9% 3.1%
2007 7.8% 20.8% 26.9% 2.7% 5.7% 4.4%
Mean 10.4% 7.1% 16.7% 3.6% 1.8% 2.6%

Adults (w+h) that migrated inriver as juveniles

Mortality Estimates Avg per Project Mortality Est.

Adults (w+h) that were transported as juveniles

Mortality Estimates Avg per Project Mortality Est.



UCR Spring Chinook - Conversion Rate Estimates from Bonneville to McNary Dams 4/24/2008

Based on PIT tag detections of known origin adults (excluding one-ocean jacks) that migrated inriver or were transported as juveniles.
Adjusted conversion rates are calculated as (# at MCN or LGR / # at BON) / ([1-Harvest Rate]*[1-Stray Rate])

Year Number at 
BON

Redet.   @ 
MCN*

BON to 
MCN (%)

Zone 6 
Harvest 
Rate**

Stray Rate BON to 
MCN (%)

BON to 
MCN   (3rd 

root)

2002* 83 65 78.3% 11.7% 2.0% 90.5% 96.7%
2003 63 51 81.0% 9.1% 2.0% 90.9% 96.9%
2004 813 690 84.9% 9.9% 2.0% 96.1% 98.7%
2005 806 656 81.4% 7.1% 2.0% 89.4% 96.3%
2006 647 505 78.1% 7.5% 2.0% 86.1% 95.1%
2007 154 121 78.6% 8.7% 2.0% 87.8% 95.7%
Mean 80.4% 90.1% 96.6%

The vast majority of tagged fish in this analysis are of hatchery origin.

Notes: 1. Shaded data were not used in the calculation of averages due to small (n<20) sample sizes, low MCN detection efficiencies, or incomplete returns.
2. Stray rates for "inriver" migrants were also used for "transported" migrants as a base condition for assessing the effect of transportation on adult conversion.
3. The Zone 6 harvest estimate for 2007 was estimated as the average of the 2004-2006 estimates.

*   McNary detectors became operational in 2002.  However, near 100% detection rates were not achieved until 2003.
**  Assumes that harvest rates are the same for spring and summer Chinook salmon; radio-telemetry studies indicate that reported harvest rate estimates may be lower 

than actually occur.

Adults (hatchery) that migrated inriver as juveniles

Unadjusted Conversion Rate
Adjustment 
Estimates Adjusted Conversion Rates Adj. Conversion Rates

PIT Tag Detections at BON and 
upstream redetections



UCR Spring Chinook Mortality Estimates 4/24/2008

Mortality Estimates = (1-Survival)

Year BON to 
MCN (%)

BON to 
MCN per 
Project

2002* 9.5% 3.3%
2003 9.1% 3.1%
2004 3.9% 1.3%
2005 10.6% 3.7%
2006 13.9% 4.9%
2007 12.2% 4.3%
Mean 9.9% 3.4%

Adults (h) that migrated inriver as juveniles

Mortality Estimates Avg per Project Mortality Est.



UCR Steelhead - Conversion Rate Estimates from Bonneville to McNary Dams 4/24/2008

Based on PIT tag detections of known origin adults (excluding one-ocean jacks) that migrated inriver or were transported as juveniles.
Adjusted conversion rates are calculated as (# at MCN or LGR / # at BON) / ([1-Harvest Rate]*[1-Stray Rate])

Year Number at 
BON

Redet.   @ 
MCN*

BON to 
MCN (%)

Zone 6 
Harvest 
Rate**

Stray Rate BON to 
MCN (%)

BON to 
MCN   

(3rd root)

2002* 294 232 78.9% 7.3% 3.8% 88.5% 96.0%
2003 44 34 77.3% 10.1% 5.3% 90.7% 96.8%
2004 3448 2468 71.6% 8.0% 4.7% 81.6% 93.4%
2005 6123 4200 68.6% 7.3% 4.7% 77.6% 91.9%
2006 6790 4944 72.8% 9.2% 4.7% 84.1% 94.4%
2007 1167 856 73.4% 8.8% 4.7% 84.4% 94.5%
Mean 73.8% 8.4% 4.6% 84.5% 94.5%

95.9% equals .986^3
The vast majority of tagged fish in this analysis are of hatchery origin.
The Zone 6 harvest estimate for 2007 was estimated as the average of the 2004-2006 estimates.

NOTE:  Harvest estimate was assumed to be equal to that of A&B-run hatchery SR steelhead.

Notes: 1. Shaded data were not used in the calculation of averages due to small (n<20) sample sizes, low MCN detection efficiencies, or incomplete returns.
2. Stray rates for "inriver" migrants were also used for "transported" migrants as a base condition for assessing the effect of transportation on adult conversion.
3. The Zone 6 harvest estimate for 2007 was estimated as the average of the 2004-2006 estimates.

*   McNary detectors became operational in 2002.  However, near 100% detection rates were not achieved until 2003.
**  Assumes that harvest rates are the same for spring and summer Chinook salmon; radio-telemetry studies indicate that reported harvest rate estimates may be lower 

than actually occur. Also, there are also some unaccounted losses upstream of McNary Dam - possibly due to harvest of an unknown magnitude.

Adults (hatchery) that migrated inriver as juveniles
PIT Tag Detections at BON and 

upstream redetections Unadjusted Conversion Rate
Adjustment 
Estimates Adjusted Conversion Rates Adj. Conversion Rates



UCR Steelhead Mortality Estimates 4/24/2008

Mortality Estimates = (1-Survival)

Year BON to 
MCN (%)

BON to 
MCN per 
Project

2002* 11.5% 4.0%
2003 9.3% 3.2%
2004 18.4% 6.6%
2005 22.4% 8.1%
2006 15.9% 5.6%
2007 15.6% 5.5%
Mean 15.5% 5.5%

Adults (hatchery) that migrated inriver as juveniles

Mortality Estimates Avg per Project Mortality Est.



Source:  query of PITagis database provided by C. Paulsen 
Adult Fish only (jacks are excluded)

BON to MCN BON to LGR

Species and Run Year

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

Inriver 
Conv.

Trans. 
Conv.

Inriver 
Conv.

Trans. 
Conv.

2002 52 32 31 1 0 0 61.5% 0.0% 59.6% 0.0%
2003 146 126 119 17 16 14 86.3% 94.1% 81.5% 82.4%
2004 308 254 239 65 55 51 82.5% 84.6% 77.6% 78.5%
2005 251 173 142 67 44 40 68.9% 65.7% 56.6% 59.7%
2006 193 98 87 23 13 11 50.8% 56.5% 45.1% 47.8%
2007 247 176 165 28 18 15 71.3% 64.3% 66.8% 53.6%

BON to MCN BON to LGR

Species and Run Year

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

Inriver 
Conv.

Trans. 
Conv.

Inriver 
Conv.

Trans. 
Conv.

2002 1136 989 963 1142 901 863 87.1% 78.9% 84.8% 75.6%
2003 913 774 749 1196 952 903 84.8% 79.6% 82.0% 75.5%
2004 1774 1527 1481 525 424 403 86.1% 80.8% 83.5% 76.8%
2005 608 533 509 502 416 403 87.7% 82.9% 83.7% 80.3%
2006 267 213 198 396 297 265 79.8% 75.0% 74.2% 66.9%
2007 168 142 133 416 341 314 84.5% 82.0% 79.2% 75.5%

BON to MCN BON to LGR

Species and Run Year

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

Inriver 
Conv.

Trans. 
Conv.

Inriver 
Conv.

Trans. 
Conv.

2002 83 65 N/A NOT APPLICABLE 78.3%
2003 63 51 N/A NOT APPLICABLE 81.0%
2004 813 690 N/A NOT APPLICABLE 84.9%
2005 806 656 N/A NOT APPLICABLE 81.4%
2006 647 505 N/A NOT APPLICABLE 78.1%
2007 154 121 N/A NOT APPLICABLE 78.6%

UCR spring 
Chinook       (wild 

& hatchery)

Fish migrated as juveniles:              
Inriver

Fish migrated as juveniles:        
Transport

Fish migrated as juveniles:              
Inriver

Fish migrated as juveniles:        
Transport

Fish migrated as juveniles:              
Inriver

Fish migrated as juveniles:        
Transport

SR fall Chinook   
(wild & hatchery)

SR 
spring/summer 

Chinook       (wild 
& hatchery)



Source:  query of PITagis database provided by C. Paulsen 

Includes 1-salt and 2-salt adults

BON to MCN BON to LGR

Species and Run Year

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

Inriver 
Conv.

Trans. 
Conv.

Inriver 
Conv.

Trans. 
Conv.

2002 766 611 580 606 448 414 79.8% 73.9% 75.7% 68.3%
2003 99 82 78 297 248 224 82.8% 83.5% 78.8% 75.4%
2004 307 250 246 357 270 252 81.4% 75.6% 80.1% 70.6%
2005 214 172 158 291 232 217 80.4% 79.7% 73.8% 74.6%
2006 94 81 72 128 94 86 86.2% 73.4% 76.6% 67.2%
2007 98 81 70 141 111 87 82.7% 78.7% 71.4% 61.7%

BON to MCN BON to LGR

Species and Run Year

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

Inriver 
Conv.

Trans. 
Conv.

Inriver 
Conv.

Trans. 
Conv.

2002 294 232 N/A NOT APPLICABLE 78.9%
2003 44 34 N/A NOT APPLICABLE 77.3%
2004 3448 2468 N/A NOT APPLICABLE 71.6%
2005 6123 4200 N/A NOT APPLICABLE 68.6%
2006 6790 4944 N/A NOT APPLICABLE 72.8%
2007 1167 856 N/A NOT APPLICABLE 73.4%

BON to MCN BON to LGR

Species and Run Year

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

No. 
Detected at 
BON

No. 
Redetected 
at MCN

No. 
Redetected 
at LGR

Inriver 
Conv.

Trans. 
Conv.

Inriver 
Conv.

Trans. 
Conv.

2002 N/A NOT APPLICABLE #DIV/0!
2003 N/A NOT APPLICABLE #DIV/0!
2004 N/A NOT APPLICABLE #DIV/0!
2005 N/A NOT APPLICABLE #DIV/0!
2006 N/A NOT APPLICABLE #DIV/0!
2007 N/A NOT APPLICABLE #DIV/0!

Fish migrated as juveniles:              
Inriver

Fish migrated as juveniles:        
Transport

SR Sockeye

Fish migrated as juveniles:        
Transport

Fish migrated as juveniles:              
Inriver

SR summer 
Steelhead       

(wild & hatchery)

Fish migrated as juveniles:              
Inriver

Fish migrated as juveniles:        
Transport

UCR steelhead    
(hatchery)



Harvest Estimates - provided by S. Ellis (CRITFC) - January 2008.

ZONE 6 HARVEST ESTIMATES

Year
SR Fall 

Chinook 1
SR spr/sum 
Chinook 2

UCR spr 
Chinook 3

SR steelhead 
4

UCR 
steelhead 5

SR    
Sockeye 6

2002 22.4% 11.4% 11.7% 8.1% 7.3% 5.2%
2003 14.4% 8.5% 9.1% 10.8% 10.1% 2.8%
2004 14.3% 9.5% 9.9% 9.4% 8.0% 3.5%
2005 17.8% 6.8% 7.1% 8.6% 7.3% 3.8%
2006 20.7% 7.2% 7.5% 11.1% 9.2% 4.3%
2007 17.6% 8.4% 8.7% 10.5% 8.8% 5.4%

1. Uses Est. total harvest rate for Fall Chinook. 
       2007 harvest estimated as average of 2004-2007 harvest rates.
2. Uses average total harvest rate estimates for spring Chinook.
3. Uses average total harvest rate estimates for UCR spring Chinook.
       2007 harvest estimated as SR spr/sum Chinook total harvest rate + 0.3% (avg diff. of previous 3 years).
4. Uses Snake River steelhead A&B run total harvest rate estimates 
5. Uses UCR steelhead A-run total harvest rate estimates.
6. Uses total harvest estimate for sockeye.

HARVEST ESTIMATES UPSTREAM OF MCNARY DAM

Year
SR Fall 

Chinook 1
SR spr/sum 
Chinook 2

UCR spr 
Chinook 3

SR steelhead 
4

UCR 
steelhead 5

SR    
Sockeye 6

2002 0.2% 0.3% N/A 1.2% N/A 0.0%
2003 0.1% 0.2% N/A 0.6% N/A 0.0%
2004 0.1% 0.6% N/A 0.4% N/A 0.0%
2005 0.0% 0.1% N/A 0.9% N/A 0.0%
2006 0.0% 0.2% N/A 1.1% N/A 0.0%
2007 0.0% 0.4% N/A 1.1% N/A 0.0%
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Overview of Information in the Aggregate Analysis 
Appendix 
 
This appendix includes detailed quantitative results of prospective aggregate analyses for 
six interior Columbia River species: SR fall Chinook, SR spring/summer Chinook, SR 
steelhead, UCR spring Chinook, UCR steelhead, and MCR steelhead.  The aggregate 
analyses represent the combination of the effects of the environmental baseline, Proposed 
Actions, and cumulative effects.  As described for each species in the SCA, not all effects 
could be evaluated quantitatively, so a description of the combination of quantitative and 
qualitative effects is included in each species chapter (Sections 8.2-8.3 and 8.5-8.8). 
 
In addition to the summary results presented in Sections 8.2-8.3 and 8.5-8.8 of the SCA, 
the tables in this appendix present the following additional prospective aggregate analysis 
results: 
 

 Survival gaps remaining after implementation of the prospective action.  Only the 
remaining survival gaps associated with 24-year extinction risk are displayed in 
Chapter 8 of the SCA.   

 Sensitivity analysis to three different future ocean climate scenarios, as described 
in SCA Section 7.1.1.  Multipliers used to adjust “recent” ocean climate scenario 
estimates to “warm PDO” and “historical” ocean climate scenario estimates are 
from Table 1 of ICTRT (2007c). 

 95% confidence limits for estimates (where possible), derived from the variance 
of the base period estimates.  Methods for R/S, lambda, and BRT trend 
confidence limit estimates are described in (McElhany and Payne 2006).  
Hinrichsen (2008), which is included as Attachment 1 of this Appendix, describes 
methods for confidence limits on extinction risk.  ICTRT (2007c) describes 
methods for estimating the confidence limits on “intrinsic productivity.” 

 Probability that median population growth rate (lambda) will be greater than 1.0, 
derived from the variance of the base period lambda estimate.  The method for 
this calculation is described in (McElhany and Payne 2006). 

 Productivity estimates derived from an alternative base period of approximately 
1990 to the present.  This alternative time period is described in the Metrics 
memo [NMFS 2006h]). Methods are identical to those used to calculate the same 
metrics derived from a longer (approximately 20 years) base period (Chapter 7.1).  

 ICTRT long-term viability survival gaps (5% risk) and the ICTRT’s “intrinsic 
productivity” metric, as described in SCA Section 7.1.1 and ICTRT (2007c),   

 Remaining survival gaps apportioned to the FCRPS through the NWF v NMFS 
Remand Collaboration’s “Conceptual Framework” process.  Methods are 
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described in Framework Work Group (2006) and the FCRPS Action Agencies’ 
August 2007 Comprehensive Analysis (CA), Section 3.1.3.2.  Estimates of 
needed survival improvements allocated to the FCRPS are from Tables 4-9, 5-11, 
7-10, 8-9, 9-11 and 10-10 of the CA.  Those estimates rely on a range of FCRPS 
relative impacts from Framework Work Group (2006), applied to ICTRT long-
term viability survival gaps (5% risk).  

 Alternative projection period of 100 years for extinction risk estimates (where 
possible), in response to comments.  Methods and results are from Hinrichsen 
(2008), which is included as Attachment 1 of this Appendix. 

 Figures comparing expected survival improvements with the survival gaps 
associated with alternative goals recommended in comments on the October 2007 
Draft Biological Opinion.  These alternative metrics are: the ICTRT 5% risk 
criteria; NWF v NMFS Collaboration’s “Conceptual Framework” allocation of 
the ICTRT’s 5% risk gap; 5% extinction risk based on 100-year projections; R/S 
= 1.42; and Lambda = 1.08.  These metrics are discussed above and in SCA 
Section 7.1. 

Detailed methods and results of the extinction risk analysis conducted by Hinrichsen 
(2008) are included as Attachment 1 of this Appendix.  Hinrichsen (2008) also contains 
alternative estimates of the variance associated with BRT trend and R/S, as described in 
Chapter 7.1. 
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Table 1.  Detailed prospective survival gap estimates for Chinook salmon ESUs under recent ocean climate assumptions  Estimates 
less than or equal to 1.0 represent no additional survival gap for the condition identified for each column; estimates greater than 1.0 
represent the proportional change in density-independent survival that would be necessary to achieve the condition identified in each 
column. 
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Table 1. Continued. 
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Table 1. Continued. 
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Table 2.  Detailed prospective productivity estimates for Chinook salmon ESUs under recent ocean climate assumptions.  Estimates 
greater than 1.0 indicate expected population growth; estimates less than 1.0 indicate expected declines.  
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Table 2. Continued. 
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Table 3.  Detailed prospective survival gap estimates for Chinook salmon ESUs under warm PDO (poor) ocean climate assumptions.  
Estimates less than or equal to 1.0 represent no additional survival gap for the condition identified for each column; estimates greater 
than 1.0 represent the proportional change in density-independent survival that would be necessary to achieve the condition identified 
in each column. 
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Table 3. Continued. 
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Table 3. Continued. 
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Table 4.  Detailed prospective productivity estimates for Chinook salmon ESUs under warm PDO (poor) ocean climate assumptions. 
Estimates greater than 1.0 indicate expected population growth; estimates less than 1.0 indicate expected declines.      
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Table 4. Continued. 
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Table 5.  Detailed prospective survival gap estimates for Chinook salmon ESUs under historical ocean climate assumptions.  Estimates 
less than or equal to 1.0 represent no additional survival gap for the condition identified for each column; estimates greater than 1.0 
represent the proportional change in density-independent survival that would be necessary to achieve the condition identified in each 
column. 
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Table 5. Continued. 
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Table 5. Continued. 
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Table 6.  Detailed prospective productivity estimates for Chinook salmon ESUs under historical ocean climate assumptions.  Estimates 
greater than 1.0 indicate expected population growth; estimates less than 1.0 indicate expected declines.   
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Table 6. Continued. 
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Table 7. Detailed prospective survival gap estimates for steelhead DPSs under recent ocean climate assumptions  Estimates less than 
or equal to 1.0 represent no additional survival gap for the condition identified for each column; estimates greater than 1.0 represent the 
proportional change in density-independent survival that would be necessary to achieve the condition identified in each column. 
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Table 7. Continued. 
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Table 7. Continued. 
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Table 7. Continued. 
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Table 8.  Detailed prospective productivity estimates for steelhead DPSs under recent ocean climate assumptions.  Estimates greater 
than 1.0 indicate expected population growth; estimates less than 1.0 indicate expected declines.  
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Table 8. Continued. 
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Table 8. Continued. 
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Table 8. Continued. 
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Table 9.  Detailed prospective survival gap estimates for steelhead DPSs under warm PDO (poor) ocean climate assumptions.  
Estimates less than or equal to 1.0 represent no additional survival gap for the condition identified for each column; estimates greater 
than 1.0 represent the proportional change in density-independent survival that would be necessary to achieve the condition identified 
in each column. 
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Table 9. Continued. 
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Table 9. Continued. 
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Table 9. Continued. 
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Table 10.  Detailed prospective productivity estimates for steelhead DPSs under warm PDO (poor) ocean climate assumptions.  
Estimates greater than 1.0 indicate expected population growth; estimates less than 1.0 indicate expected declines. 
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Table 10. Continued. 
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Table 10. Continued. 
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Table 10. Continued. 
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Table 11.  Detailed prospective survival gap estimates for steelhead DPSs under historical ocean climate assumptions.  Estimates less 
than or equal to 1.0 represent no additional survival gap for the condition identified for each column; estimates greater than 1.0 
represent the proportional change in density-independent survival that would be necessary to achieve the condition identified in each 
column. 
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Table 11. Continued. 
 

Aggregate Analysis Appendix                                    35                                                                                               May 5, 2008 



NOAA Fisheries                                                                                    
Supplemental Comprehensive Analysis 
 
Table 11. Continued. 
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Table 11. Continued. 
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Table 12.  Detailed prospective productivity estimates for steelhead DPSs under historical ocean climate assumptions.  Estimates 
greater than 1.0 indicate expected population growth; estimates less than 1.0 indicate expected declines. 
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Table 12. Continued. 
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Table 12. Continued. 
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Table 12. Continued. 
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Figure 1.  Probability that median population growth rate (lambda) of SR spring/summer Chinook 
salmon will be greater than 1.0 after implementation of prospective actions.  Probability estimate 
is derived from base period variance. 
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Figure 2.  Probability that median population growth rate (lambda) of UCR spring Chinook salmon 
will be greater than 1.0 after implementation of prospective actions.  Probability estimate is 
derived from base period variance. 
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Figure 3.  Probability that median population growth rate (lambda) of SR fall Chinook salmon will 
be greater than 1.0 after implementation of prospective actions.  Probability estimate is derived 
from base period variance. 
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Figure 4.  Probability that median population growth rate (lambda) of SR steelhead will be greater 
than 1.0 after implementation of prospective actions.  Probability estimate is derived from base 
period variance. 
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Figure 4. Continued. 
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Figure 5.  Probability that median population growth rate (lambda) of UCR steelhead will be 
greater than 1.0 after implementation of prospective actions.  Probability estimate is derived from 
base period variance. 
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Figure 6.  Probability that median population growth rate (lambda) of MCR steelhead will be 
greater than 1.0 after implementation of prospective actions.  Probability estimate is derived from 
base period variance. 
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Figure 6. Continued. 
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Figure 7.  Comparison of alternative metrics or standards recommended in comments on the 
October 2007 draft biological opinion for SR spring/summer Chinook salmon.  Each metric is 
described in SCA Section 7.1.1.  Bars represent the needed survival improvement from average 
base period survival that is needed to meet the standard, except for the left-most bar, which 
represents the expected survival improvement after implementing the Prospective Actions. 
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Figure 7. Continued. 
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Figure 7. Continued. 
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Figure 8.  Comparison of alternative metrics or standards recommended in comments on the 
October 2007 draft biological opinion for UCR spring Chinook salmon.  Each metric is described 
in SCA Section 7.1.1.  Bars represent the needed survival improvement from average base period 
survival that is needed to meet the standard, except for the left-most bar, which represents the 
expected survival improvement after implementing the Prospective Actions. 
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Figure 9.  Comparison of alternative metrics or standards recommended in comments on the 
October 2007 draft biological opinion for SR fall Chinook salmon.  Each metric is described in 
SCA Section 7.1.1.  Bars represent the needed survival improvement from average base period 
survival that is needed to meet the standard, except for the left-most bar, which represents the 
expected survival improvement after implementing the Prospective Actions. 
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Figure 10.  Comparison of alternative metrics or standards recommended in comments on the 
October 2007 draft biological opinion for SR steelhead.  Each metric is described in SCA Section 
7.1.1.  Bars represent the needed survival improvement from average base period survival that is 
needed to meet the standard, except for the left-most bar, which represents the expected survival 
improvement after implementing the Prospective Actions. 
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Figure 10. Continued. 
 

Median Survival Changes vs Median Goals: SR Steelhead (2)
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Figure 10. Continued. 
 

Median Survival Changes vs Median Goals: SR Steelhead (3)
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Figure 11.  Comparison of alternative metrics or standards recommended in comments on the 
October 2007 draft biological opinion for UCR steelhead.  Each metric is described in SCA Section 
7.1.1.  Bars represent the needed survival improvement from average base period survival that is 
needed to meet the standard, except for the left-most bar, which represents the expected survival 
improvement after implementing the Prospective Actions. 
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Figure 12.  Comparison of alternative metrics or standards recommended in comments on the 
October 2007 draft biological opinion for MCR steelhead.  Each metric is described in SCA Section 
7.1.1.  Bars represent the needed survival improvement from average base period survival that is 
needed to meet the standard, except for the left-most bar, which represents the expected survival 
improvement after implementing the Prospective Actions. 
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Figure 12. Continued. 
 

Median Survival Changes vs Median Goals: MCR Steelhead (2)
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 Executive summary 

Extinction probability and trend estimates were developed for several chinook and steelhead 
salmon populations in the Columbia River Basin.  The extinction probability approach used 
spawner-recruit (SR) functions which were fit to SR data from brood years 1978 to the present 
(most recently available observation).  The estimated SR production functions were used to 
estimate extinction probabilities by population simulation.  Alternative quasi-extinction 
thresholds of 1, 10, 30, and 50 spawners were used.  In the projections, extinction was assumed 
to occur when spawner counts fell below the quasi-extinction threshold over four consecutive 
years.  Survival gaps, defined as the change in life-cycle survival needed to achieve a 5% 
extinction probability risk, were developed for spring/summer chinook populations. BRT trend 
and mean log(R/S) estimates and associated confidence intervals were developed for all salmon 
populations analyzed. 
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Introduction 

Population viability analysis is used to gauge the likelihood of extinction of endangered salmon 
populations in the Columbia River Basin.  The 2000 Federal Columbia River Power System 
(FCRPS) BiOp used the Dennis et al. (1991) model to estimate the probability of absolute 
extinction (the population falling below 1 individual). The model was estimated using a 
procedure that accounted for measurement error (Holmes 2001).  This method was used as a 
large-scale, multi-species risk assessment of anadromous salmonids in the Columbia River Basin 
(McClure et al. 2003).  

An important element in the estimation of extinction risks is the production function that is used.  
The production function is the mathematical rule that describes how spawners in one year are 
related to adult returns in subsequent years.  The models described in Holmes (2001) and 
McClure et al. (2003), which were used in the 2000 BiOp, were linear.  That is, it was assumed 
that the mean population growth rate was constant regardless of spawner abundance.  This 
assumption is contrary to most fisheries models, such as the Ricker or Beverton-Holt, which 
assume that the population growth rate declines as spawner numbers increase (Hilborn and 
Walters 1992).  The most recent estimates used by the Interior Columbia Basin Technical 
Recovery Team (ICTRT) use nonlinear production functions.  The nonlinear models include the 
assumption that populations cannot grow indefinitely, that is, they must level off as spawner 
numbers increase.  Linear production functions do not include this assumption. 

The nonlinear model used by the ICTRT for estimating extinction risks was the hockey stick 
model (Barrowman and Myers 2000).  The more traditional models, such as Beverton-Holt and 
Ricker, assume that survival increases with declining spawning population until the last spawner 
disappears (Hilborn and Walters 1992).  For these models, as spawner abundance declines, the 
number of recruits produced per spawner actually increases.  From the perspective of population 
viability analysis, this assumption of increased survival at low population size may overestimate 
the resilience of a population and thus lead to underestimates of extinction probability.  The 
hockey stick model addresses this concern by assuming constant recruits produced per spawner 
when spawner numbers fall below a threshold (Barrowman and Myers 2000).  The hockey stick 
model, however, introduces important estimation difficulties because the likelihood function 
includes “kinks” where the derivative is not defined and it often exhibits multiple local maxima. 
Ideally, for the purposes of estimation, the likelihood function would be smooth (without kinks) 
and have a single maximum value.  

This report details an approach to estimating extinction probabilities, survival gaps, and 
abundance trends.   When estimating extinction probability, the hockey stick production model 
was not used because of the numerical and statistical difficulties involved (described above). 
Instead, the Beverton-Holt and Ricker productions were used. Parameter estimates for these 
production functions were obtained by maximizing the likelihood function. The production 
function estimates were then used to obtain extinction probabilities by projecting forward 
spawner abundances 24 years and 100 years into the future.  This procedure was applied to 
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salmon populations from the listed Snake River Spring/Summer Chinook and Upper Columbia 
River Spring/Summer Chinook Salmon ESUs and to the Snake River Steelhead, Upper 
Columbia River Steelhead, and Mid-Columbia River Steelhead.  The time horizon was set at 24 
and 100 years, and the quasi-extinction threshold (the spawner level below which extinction was 
assumed to occur) (QET) was set at 1, 10, 30, and 50 spawners.  

Survival gaps, defined as the change in life-cycle survival needed to achieve a 5% extinction 
probability risk, were developed for spring/summer chinook populations. BRT trend and mean 
log(R/S) estimates and associated confidence intervals were developed for all salmon 
populations analyzed. 

Data 

Spawner recruit data for two spring/summer chinook ESUs, three Steelhead ESUs and on fall 
chinook ESU were used. A list of populations analyzed is presented in Tables 1-3. 

Spring/summer chinook ESUs 
The data used were Snake River and Upper Columbia River stream-type chinook spawner-recruit 
data (Matheson 2006), which were updated to include more recent estimates.  Spawner estimates 
were estimates of annual abundance of salmon arriving at the spawning grounds.  Recruitment 
refers to adult progeny returning to the spawning grounds.   

Steelhead ESUs 
The data used were Snake River, Mid-Columbia, and Upper Columbia River spawner-recruit 
data (Matheson 2006), updated to include more recent estimates.   

Fall Chinook 
The data used were Snake River Fall Chinook spawner-recruit estimates (Matheson 2006), 
updated to include more recent estimates. 

Population viability analysis 

The underlying production functions used in the population projections were the Beverton-Holt 
and Ricker (Hilborn and Walters 1992).  The Beverton-Holt model was applied to 
spring/summer chinook salmon populations and the Ricker model was applied to steelhead and 
fall chinook populations.  The Beverton-Holt model was used for the spring/summer chinook 
populations because preliminary work showed that it yielded extinction probability estimates that 
were similar to the hockey stick model used by the Interior Columbia Basin TRT.  The Beverton-
Holt model was not applied to the steelhead and fall chinook populations because valid 
parameter estimates could not be found for about half of the steelhead populations or the fall 
chinook population.  For these populations, the Ricker model was used because it is guaranteed 
to yield maximum likelihood estimates.   
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The Beverton-Holt model takes the mathematical form: 

 
(1) )1/()exp( tttt bSaSR ++= φ ,  (Beverton-Holt) 
 
 
where tR  is recruitment (the adult progeny of fish spawning in year t); tS  represents the number 
of spawners in brood year t;  a is the intrinsic productivity, which is the maximum log recruits 
per spawner; tφ  is a stochastic error term, which follows an autoregressive process of order 1; 
and b is the parameter that describes density dependent growth.   
 

The Ricker model takes the mathematical form 

 
(2) )exp( ttt bSaSR φ+−= , (Ricker) 

where tR  is recruitment (the adult progeny of fish spawning in year t); tS  represents the number 
of spawners in brood year t;  a is the intrinsic productivity, which is the maximum log recruits 
per spawner; tφ  is a stochastic error term, which follows an autoregressive process of order 1; 
and b is the parameter that describes density dependent growth.   
 
The autoregressive process was used for the error term because lag-1 autocorrelation was evident 
in the data and extinction probabilities are known to be influenced by autocorrelation 
(Wichmann et al. 2005). The autoregressive order 1 process is described by: 

 
(3) 11 ++ += ttt εαφφ , 

 

where α  is the autoregressive parameter, which, according to the Yule-Walker equations, is 
equivalent to the lag-1 autocorrelation coefficient (Box et al. 1994); and 1+tε  is an independent 
and normally distributed random error term with mean zero and variance 2σ .  The tε  process 
will be referred to as the white noise process. (The tφ  errors represent a red noise process 
because the errors are positively correlated). The initial production function error, 1φ , is set equal 
to 1ε  (i.e., it is normally distributed with mean zero and variance 2σ ). 
The parameters were estimated by maximizing the likelihood function.  The log likelihood 
function was formed by taking the natural log of the joint distribution of the white noise 
errors, tε : 



NOAA Fisheries                  
Supplemental Comprehensive Analysis 

 
Aggregate Analysis Appendix Attachment 1                       6                                                May 5, 2008 

( ) ∑
=

−−=
n

t
t

nl
1

2
2

2

2
12log

2
ε

σ
πσ = 

( ) ( ) ( ( ))
⎭
⎬
⎫

⎩
⎨
⎧

−−−+−−−= ∑
−

=
++

2
1

1
11

2
112

2 ),,(),,(),,(
2

12log
2 tt

n

t
tt SbafySbafySbafyn α

σ
πσ  

 
where n was the number of spawner-recruit observations; ty  represents )/log( tt SR ; and 

),,( tSbaf  was )1log( tbSa +−  when the Beverton-Holt production function was used, or equal 
to tbSa −  when the Ricker production function was used. Notice that when the autoregressive 
parameter,α , is equal to zero, the likelihood function is reduced to the usual likelihood function 
with uncorrelated errors.  Altogether, there were four parameters estimated from this likelihood 
function: a , b , α , and 2σ .  Because the model is nonlinear in the parameters, interior 
maximum likelihood estimates were not guaranteed to exist. 
 

The nonlinear regression was conducted using the routine nls from the R statistical package, 
which uses a Gauss-Newton algorithm for calculating maximum likelihood estimates (R 
Development Core Team 2005).  Standard errors and p-values were calculated for the parameter 
estimates and correlations between the parameter estimates were also calculated.   

Extinction probabilities 

Once the Beverton-Holt or Ricker parameters were estimated the production functions were used 
to estimate probabilities of extinction by projecting spawner numbers into the future (Tables 1-
3).  In each simulation of a population, 4000=N  24-year and 100-year sequences of spawners 
were generated.  Once the spawner series was initialized, the stochastic production function was 
used to build a series of future spawners by allocating recruits to the appropriate spawners.  A 
fixed age structure of recruits was assumed in the population projections.  Age structure was set 
to the average age structure from 1978 to present (the year of most recently available data). 

The extinction probability was estimated as the fraction of the 4000 sequences in which 
spawners fell below the quasi-extinction threshold (QET) for four consecutive years.  Extinction 
probability estimates were obtained using alternative values of QET (1, 10, 30, and 50), and with 
alternative time horizons of 24 and 100 years.  If, during a population projection, the total 
number of spawners fell below 10, then number of recruits was set to zero (i.e. the reproductive 
failure threshold was set at 10 spawners).  In the case where QET=1, a reproductive failure 
threshold of 2 spawners was used.   

Using the Beverton-Holt production function, the projections took the following mathematical 
form: 

(4) )ˆ1/()ˆexp( ****
tttt SbaSR ++= φ  
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(5) ∑
=

−=
5

1

**

τ
ττ tt RpS , 

 
where *

tR  was the simulated number of recruits generated from spawners in brood year t; *
tS  

was the simulated number of spawners in brood year t; â  was the maximum likelihood estimate 
of the Beverton-Holt density-independent parameter a ;  *

tφ  represented a random draw from the 

autoregressive error model; b̂  was the maximum likelihood estimate of the Beverton-Holt 
density-dependent parameter b ; τ  represented age of  returning adults; and τp  represented the 
average fraction of adults returning at age τ .  The projections were initialized by setting the first 
five spawner numbers in the sequence equal to the most recently available 5 spawner 
observations.   
 

A similar method was used when the Ricker model was employed, but in that case the population 
projections were accomplished using the relationship  

(6) )ˆˆexp( ****
tttt SbaSR φ+−=  

 
instead of the Beverton-Holt spawner-recruit relationship. 

Supplementation 

In the extinction probability analysis described above, it was assumed that the relative 
reproductive effectiveness of hatchery-born spawners was equal to that of the wild-born 
spawners and that supplementation would not continue into the future. As an alternative, some 
extinction runs were conducted under the assumptions that reproductive effectiveness of 
hatchery-born spawners could differ from that of wild-born spawners and that supplementation 
would continue at some level into the future (Tables 4-6).  
 
Within this framework, which recognizes supplementation and differential reproductive 
effectiveness of hatchery-born spawners, the following model is fit to the retrospective data, 
 
(7) )1/()exp())1(( ttttttt bSaeffSR ++−+= φ  

 
where tf  represents the fraction of wild-born spawners and te  represents the relative 
reproductive success of hatchery-born spawners.  In the special case where 0=te , note that 
none of the hatchery-born spawners contributes to the progeny (recruits). In the case 
where 1=te , the model reduces to the model introduced in equation 1. 
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This supplementation model produces different point estimates of the Beverton-Holt parameters 
than the original model.  Therefore, extinction probability estimates will change.  Inclusion of 
supplementation in the future will also alter extinction probabilities by adding spawners and 
thereby decreasing the probability that spawner abundance will fall below QET.  The population 
projections with supplementation take the form 

 
(8) )ˆ1/()ˆexp())1(( *******

ttttttt SbaeffSR −+−+= φ  

(9) ttt HRpS *
5

1

** +⎟
⎠

⎞
⎜
⎝

⎛
= ∑

=
−

τ
ττ  

 
where *

te represents the future values of the relative reproductive effectiveness of hatchery-born 
spawners, *

tf represents the future fraction of wild-born spawners, and *
tS  represents the total 

number of (wild + hatchery-born) spawners. *
tφ  represents a random draw from the 

autoregressive error model, b̂  is the maximum likelihood estimate of the Beverton-Holt density-
dependent parameter b , and *

tH represents future supplementation in year t.   
 

Extinction occurred when the total spawners fall below QET 4 years running.  That is, when total 
spawners fell below QET for four consecutive years within the time horizon.  A similar 
methodology was used when the Ricker model was used instead of the Beverton-Holt model. 

Survival gap calculations 

Estimates of increase in survival to achieve acceptable extinction risk, known as a “gap,” were 
developed for spring/summer chinook (Table 7). In the population viability analysis, extinction 
probability was considered as a function of abundance and productivity.  Generally, as 
abundance and productivity (Beverton-Holt a) parameters increase, extinction probability 
decreases.  Whenever extinction probability was above 5 percent, a survival gap was considered 
to exist.  That is, a gap exists when productivity must increase in order to reduce extinction risk 
to 5 percent or less.  The gap was quantified by calculating the increase in productivity necessary 
to achieve the 5 percent extinction risk target. Extinction probability was considered as a 
function of productivity, which was denoted )(aP .  )(aP  is the probability of extinction when 
the Beverton-Holt production parameter is set to a .  A necessary step in calculating the gap is to 
find the value of a  that makes 

 
(10) 05.0)()( −= aPaf  

 
 

equal to zero. This is a root finding problem in numerical analysis.  The root in this case is the 
value of the Beverton-Holt a parameter that yields an extinction probability of 5 percent.  To 
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solve this problem, the bisection method was used, which cannot fail once an interval that 
contains a root is identified (Press et al. 1992).  The bisection algorithm was rtbis, and the 
bracketing routine (which identifies an interval that contains the root ) was zbrac (Press et al. 
1992).  
 

Once the root *a was found numerically, the survival gap was calculated as 

(11) )ˆexp( * aagap −= , 

 
where â  represented the maximum likelihood estimate of the Beverton-Holt a parameter.  The 
gap is the survival multiplier needed achieve a 5 percent extinction risk.  When the multiplier is 
at or below one, no increase in survival is necessary (extinction risk is already at or below 5 
percent), but when the multiplier is above one, an increase is necessary to achieve 5 percent risk. 
Finding an accurate gap estimate required increasing the number of trajectories used in the 
extinction probability estimates from 4,000 to 10,000.  
 
The underlying assumption that allowed this gap calculation was that the intrinsic productivity, 
or recruits per spawner at very low abundance given by )exp(a  was proportional to survival.  
Thus, ska ⋅=)exp( where k  is a constant and s  represents survival.  If 0s  represents current 
survival and *s  represents the survival necessary to achieve the 5 percent target, then the 
survival gap is  

(12) )ˆexp(
/)ˆexp(
/)exp( *

*

0

*

aa
ka
ka

s
sgap −===  

Extinction probability confidence intervals 

Extinction probabilities suffer from high uncertainty, especially over long time horizons (e.g., 
100 years).  Fieberg and Ellner (2000) demonstrated that reliable extinction probability estimates 
were possible for short-term time horizons (10 percent-20 percent as long as the time series used 
for model fitting) only.  Using 20 percent as a guide, it follows that 24-year extinction 
probabilities should be estimated using about 100 years of data.  Time series of that duration are 
not available for Columbia River Basin salmonid populations.  This analysis and others (the 
ICTRT, for example) use much shorter time series of data, generally 20 years.  Thus, the 
imprecision of the extinction probability estimates is due, in part, to a lack of data.  
To quantify the uncertainty surrounding the estimates, confidence intervals were constructed. 
Confidence intervals that are narrow (e.g. 0.50 to 0.51), indicate high reliability of extinction 
probability estimates. Confidence intervals that are wide (e.g., spanning 0 to 1), indicate low 
reliability of extinction probability estimates.  That is, data from the same population process, 
generally yield very different inferences about the extinction probability.  Wide confidence 
intervals are a common problem with the estimation of extinction probabilities, especially for 



NOAA Fisheries                  
Supplemental Comprehensive Analysis 

 
Aggregate Analysis Appendix Attachment 1                       10                                                May 5, 
2008 

populations that are highly variable with a paucity of data. Furthermore, confidence intervals are 
wide because extinction probability usually declines sharply with increasing intrinsic 
productivity (Botsford and Brittnacher 1998).  Therefore any uncertainty in the intrinsic 
productivity parameter (which depends strongly on the error variance), will be greatly magnified 
in the estimation of extinction probability. 
 
Bootstrapping was used to estimate confidence intervals for extinction probabilities (Efron and 
Tibshirani 1993).  Bootstrapping proceeded by building an empirical distribution of 1000 
bootstrap replications of an extinction probability estimate, then using the 0.025 and 0.975 
quantiles of the distribution as confidence limits.  Each of the bootstrap extinction probability 
estimates was based on a replication of the production function parameter estimates derived from 
a synthetic data set.  If the replication of the autoregressive parameter exceeded one, it was set to 
one.  Replications with a negative b parameter were ignored.  Synthetic data sets were 
constructed by resampling the original data set with replacement.  Maximum likelihood 
estimates were obtained for each synthetic data set.  Replications of extinction probability were 
then obtained by evaluating the extinction probability at these maximum likelihood estimates. 
 
These methods were applied to steelhead and Snake River fall chinook populations (using the 
Ricker production function) and spring/summer chinook salmon populations (using the 
Beverton-Holt production function).   

BRT trend  

Trends in natural spawner abundance were calculated to infer whether population abundances 
tend to be (on average) increasing, decreasing or remaining the same (Tables 8-10).  Trend was 
calculated as the slope of the regression of the abundance index (log transformed) versus time.  
Two alternative time periods were considered: 1980 to present and 1990 to present.  “Present” is 
considered to be the year of the most recently available observation.  One was added to the 
natural spawner abundance before log transforming the data to avoid taking the log of zero, 
which is undefined.  Trend was reported as the exponential function of the estimated slope of the 
regression line.  A trend greater than 1.0 indicates population increase, a trend less than 1.0 
indicates population decrease, and a trend of 1.0 indicates that, on average, population numbers 
are not changing.  The regression equation was  
 
(13) tt tN εββ ++=+ 10)1ln( ,  
 
 
where tN was the natural spawners in brood year t, 0β is the intercept regression parameter, 

1β was the slope regression parameter, and tε was the random error term of the regression.  The 

regression parameter estimates, 0β̂  and 1β̂ were obtained through a least squares fit to the data.  

The trend estimate was then defined as )ˆexp( 1β .   
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Developing confidence intervals for )exp( 1β using the usual regression procedures was not 
possible because the regression residuals were not independent and not identically distributed.  
This is a drawback for this estimate of trend because the usual desirable statistical properties of 
maximum likelihood estimators (low bias and relatively high precision) do not apply.  Therefore, 
a bootstrapping approach was developed to estimating confidence intervals. This involved 
creating synthetic population data sets and applying the trend estimation procedure to each of 
these synthetic data sets. This yielded a set of trend replications.  The confidence intervals were 
constructed by setting the confidence limits equal to the 0.025 and 0.975 quantiles of the 
empirical distribution of the trend replications (Efron and Tibshirani 1993).  
 
Assumptions about the relative reproductive success of hatchery-born spawners and the extent of 
supplementation can influence the synthetic population data.  It was assumed that the relative 
reproductive success of hatchery born spawners equaled one and that the fraction of hatchery-
born spawners followed the same trajectory as in the retrospective data.  
 
Because the BRT trend estimator was not based on maximum likelihood theory, it is not 
guaranteed to possess optimal statistical properties (i.e. low bias and relatively high precision).  
This stems from the fact that the errors in the regression of log(natural spawners+1) against time 
are serially dependent and are not normally distributed.  In some cases the bias of the estimator is 
quite severe, and in one case, the bootstrap confidence interval does not contain the BRT trend 
estimate.  Therefore, it is important to use this estimate of trend in the context of other estimates, 
such as mean log(R/S).  

Mean log(R/S)  

Another useful measure of the productivity of a salmon population is the mean log(R/S) (Tables 
11-13).  When this estimate is greater than zero, it implies that the population is increasing.  
When it is below zero, it implies that the population is decreasing.  The mean of the log(R/S) was 
calculated in the usual way, 
 
(14) nSRSR t

n

t t /)/log()/log(mean
1∑ =

= , 
 
where n represents the total number of log(R/S) observations.  
 
Because there is first-order serial dependence in the time series of log recruits-per-spawner, 
log(R/S), it is inappropriate to use the usual standard error calculation for mean log(R/S).  
Instead, a bootstrap technique was used to simulate the times series while respecting 
autocorrelation in the residuals.  
 
Synthetic (bootstrap) data sets for constructing bootstrap confidence intervals were generated by 
using the model  
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(15) ** ˆ tty εμ +=  
 
 
where *

ty  represents a synthetic observation of log(R/S), μ̂  represents the mean log(R/S) 
calculated from the data set, and *

tε  is a residual was modeled as a serially correlated random 
process of order 1. 
 
A set of 1000 bootstrap replications of mean log(R/S) were then obtained by taking the mean of 
each of the 1000 synthetic data sets.  Standard error was estimated as the standard deviation of 
the 1000 replications, and 95 percent confidence limits are estimated as the 0.025 and 0.975 
quantiles of the 1000 replications. 
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Table 1a. Spring/summer chinook Confidence limits on extinction probabilities (Prob) (updated with 
"Chinook datasets 11_14_07 for dist.xls").  The lower confidence bound represents the 0.025 quantile 
of the 1000 extinction probability replications, while the upper limit represents the 0.975 quantile of 
the the 1000 extinction probability replications.  Extinction probabilities were calculated over a time 
window of 24 years with various levels of quasi-extinction threshold (QET) and reproductive failure 
threshold (RFT). Note that less that 1000 replications were actually generated for each of the 
populations because some bootstrap samples resulted in invalid maximum likelihood estimates of the 
Beverton-Holt model. The column "ngood" represents the number of valid replicates of the parameter 
estimates. "nbadb" represents the number of replications with b less than zero, and "nbadalpha" 
represents the number of replicates with alpha greater than 1.0. Whenever a replication of alpha was 
greater than one, it was set equal to one. Extinction probabilities were based on 4000 population 
trajectories.  The time period used was 1978-present. The population projections were initialized with 
the most recent five years of spawner observations. Spawner numbers do not include jacks. 
Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 
Tucannon Spring Chinook 0.00 0.00 0.13 1 2 9 33 905 

Tucannon Spring Chinook 0.00 0.00 0.30 10 10 9 33 905 

Tucannon Spring Chinook 0.02 0.00 0.55 30 10 9 33 905 

Tucannon Spring Chinook 0.07 0.00 0.71 50 10 9 33 905 

Lostine River Chinook 0.00 0.00 0.46 1 2 38 42 838 

Lostine River Chinook 0.03 0.00 0.62 10 10 38 42 838 

Lostine River Chinook 0.10 0.00 0.74 30 10 38 42 838 

Lostine River Chinook 0.18 0.00 0.81 50 10 38 42 838 

Grande Ronde Upper Mainstem Chinook 0.00 0.00 0.11 1 2 6 2 946 

Grande Ronde Upper Mainstem Chinook 0.09 0.00 0.57 10 10 6 2 946 

Grande Ronde Upper Mainstem Chinook 0.41 0.01 0.89 30 10 6 2 946 

Grande Ronde Upper Mainstem Chinook 0.70 0.07 0.97 50 10 6 2 946 

Catherine Creek Chinook 0.09 0.00 0.77 1 2 169 135 778 

Catherine Creek Chinook 0.23 0.00 0.90 10 10 169 135 778 

Catherine Creek Chinook 0.37 0.00 0.96 30 10 169 135 778 

Catherine Creek Chinook 0.45 0.01 0.98 50 10 169 135 778 

Imnaha River Chinook 0.00 0.00 0.22 1 2 0 16 971 

Imnaha River Chinook 0.01 0.00 0.45 10 10 0 16 971 

Imnaha River Chinook 0.04 0.00 0.66 30 10 0 16 971 

Imnaha River Chinook 0.09 0.00 0.73 50 10 0 16 971 

Minam River Chinook 0.00 0.00 0.31 1 2 2 53 937 

Minam River Chinook 0.00 0.00 0.42 10 10 2 53 937 

Minam River Chinook 0.02 0.00 0.57 30 10 2 53 937 

Minam River Chinook 0.06 0.00 0.68 50 10 2 53 937 

Wenaha River Chinook 0.00 0.00 0.35 1 2 10 45 970 

Wenaha River Chinook 0.04 0.00 0.57 10 10 10 45 970 

Wenaha River Chinook 0.15 0.00 0.74 30 10 10 45 970 
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Wenaha River Chinook 0.26 0.00 0.83 50 10 10 45 970 

South Fork Salmon Mainstem 0.00 0.00 0.00 1 2 91 0 763 

South Fork Salmon Mainstem 0.00 0.00 0.02 10 10 91 0 763 

South Fork Salmon Mainstem 0.00 0.00 0.07 30 10 91 0 763 

South Fork Salmon Mainstem 0.00 0.00 0.13 50 10 91 0 763 

Secesh River Chinook 0.00 0.00 0.17 1 2 195 40 776 

Secesh River Chinook 0.00 0.00 0.26 10 10 195 40 776 

Secesh River Chinook 0.01 0.00 0.35 30 10 195 40 776 

Table 1a. (Continued)         

Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 

Secesh River Chinook 0.02 0.00 0.42 50 10 195 40 776 

South Fork Salmon East Fork (inc Johnson Cr.) 0.00 0.00 0.02 1 2 353 15 623 

South Fork Salmon East Fork (inc Johnson Cr.) 0.00 0.00 0.14 10 10 353 15 623 

South Fork Salmon East Fork (inc Johnson Cr.) 0.01 0.00 0.33 30 10 353 15 623 

South Fork Salmon East Fork (inc Johnson Cr.) 0.04 0.00 0.48 50 10 353 15 623 

Big Creek Chinook 0.00 0.00 0.60 1 2 22 36 868 

Big Creek Chinook 0.04 0.00 0.80 10 10 22 36 868 

Big Creek Chinook 0.20 0.00 0.89 30 10 22 36 868 

Big Creek Chinook 0.37 0.00 0.93 50 10 22 36 868 

Bear Valley Creek 0.00 0.00 0.40 1 2 1 53 982 

Bear Valley Creek 0.00 0.00 0.53 10 10 1 53 982 

Bear Valley Creek 0.03 0.00 0.63 30 10 1 53 982 

Bear Valley Creek 0.09 0.00 0.71 50 10 1 53 982 

Marsh Creek Chinook 0.03 0.00 0.64 1 2 92 33 814 

Marsh Creek Chinook 0.21 0.00 0.82 10 10 92 33 814 

Marsh Creek Chinook 0.43 0.00 0.92 30 10 92 33 814 

Marsh Creek Chinook 0.56 0.00 0.95 50 10 92 33 814 

Sulphur Creek* 0.00 0.00 0.65 1 2 8 43 797 

Sulphur Creek* 0.06 0.00 0.79 10 10 8 43 797 

Sulphur Creek* 0.33 0.00 0.88 30 10 8 43 797 

Sulphur Creek* 0.55 0.00 0.92 50 10 8 43 797 

Valley Creek Chinook 0.00 0.00 0.32 1 2 1 58 720 

Valley Creek Chinook 0.12 0.00 0.76 10 10 1 58 720 

Valley Creek Chinook 0.50 0.01 0.96 30 10 1 58 720 

Valley Creek Chinook 0.75 0.07 0.99 50 10 1 58 720 

Lower Mainstem Salmon River (SRLMA) 0.00 0.00 0.41 1 2 1 116 865 

Lower Mainstem Salmon River (SRLMA) 0.00 0.00 0.80 10 10 1 116 865 

Lower Mainstem Salmon River (SRLMA) 0.13 0.00 0.97 30 10 1 116 865 

Lower Mainstem Salmon River (SRLMA) 0.37 0.00 0.99 50 10 1 116 865 
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Upper Mainstem Salmon River (SRUMA) 0.00 0.00 0.37 1 2 20 9 871 

Upper Mainstem Salmon River (SRUMA) 0.00 0.00 0.53 10 10 20 9 871 

Upper Mainstem Salmon River (SRUMA) 0.00 0.00 0.64 30 10 20 9 871 

Upper Mainstem Salmon River (SRUMA) 0.00 0.00 0.71 50 10 20 9 871 

Wenatchee River Chinook 0.00 0.00 0.42 1 2 7 191 919 

Wenatchee River Chinook 0.00 0.00 0.64 10 10 7 191 919 

Wenatchee River Chinook 0.01 0.00 0.78 30 10 7 191 919 

Wenatchee River Chinook 0.02 0.00 0.82 50 10 7 191 919 

Entiat River Chinook 0.00 0.00 0.18 1 2 11 35 942 

Entiat River Chinook 0.01 0.00 0.42 10 10 11 35 942 

Entiat River Chinook 0.07 0.00 0.69 30 10 11 35 942 

Entiat River Chinook 0.19 0.00 0.82 50 10 11 35 942 

To increase the accuracy of the Sulphur Creek extinction probability estimates, 10,000 trajectories were used instead of 4,000. 

 

Table 1b. Confidence limits on extinction probabilities (Prob) (updated with "Chinook datasets 11_14_07 for 
dist.xls"). The lower confidence bound represents the 0.025 quantile of the 1000 extinction probability 
replications, while the upper limit represents the 0.975 quantile of the the 1000 extinction probability replications.  
Extinction probabilities were calculated over a time window of 100 years with various levels of quasi-extinction 
threshold (QET) and reproductive failure threshold (RFT). Note that less that 1000 replications were actually 
generated for each of the populations because some bootstrap samples resulted in invalid maximum likelihood 
estimates of the Beverton-Holt model. The column "ngood" represents the number of valid replicates of the 
parameter estimates. "nbadb" represents the number of replicates with b less than zero, and "nbadalpha" 
represents the number of replicates with alpha greater than 1.0. Whenever a replication of alpha was greater than 
one, it was set equal to one. Extinction probabilities were based on 4000 population trajectories.  The time period 
used was 1978-present. The population projections were initialized with the most recent five years of spawner 
observations. Spawner numbers do not include jacks. 
Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 

Tucannon Spring Chinook 0.00 0.00 0.76 1 2 9 33 905 

Tucannon Spring Chinook 0.01 0.00 0.96 10 10 9 33 905 

Tucannon Spring Chinook 0.14 0.00 0.99 30 10 9 33 905 

Tucannon Spring Chinook 0.35 0.00 1.00 50 10 9 33 905 

Lostine River Chinook 0.04 0.00 0.98 1 2 38 42 838 

Lostine River Chinook 0.23 0.00 1.00 10 10 38 42 838 

Lostine River Chinook 0.48 0.00 1.00 30 10 38 42 838 

Lostine River Chinook 0.67 0.00 1.00 50 10 38 42 838 

Grande Ronde Upper Mainstem Chinook 0.03 0.00 0.88 1 2 6 2 946 

Grande Ronde Upper Mainstem Chinook 0.58 0.00 1.00 10 10 6 2 946 

Grande Ronde Upper Mainstem Chinook 0.95 0.06 1.00 30 10 6 2 946 

Grande Ronde Upper Mainstem Chinook 1.00 0.34 1.00 50 10 6 2 946 

Catherine Creek Chinook 0.55 0.00 1.00 1 2 169 135 778 

Catherine Creek Chinook 0.76 0.00 1.00 10 10 169 135 778 
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Catherine Creek Chinook 0.87 0.01 1.00 30 10 169 135 778 

Catherine Creek Chinook 0.93 0.04 1.00 50 10 169 135 778 

Imnaha River Chinook 0.01 0.00 0.94 1 2 0 16 971 

Imnaha River Chinook 0.10 0.00 0.99 10 10 0 16 971 

Imnaha River Chinook 0.29 0.00 1.00 30 10 0 16 971 

Imnaha River Chinook 0.45 0.00 1.00 50 10 0 16 971 

Minam River Chinook 0.00 0.00 0.74 1 2 2 53 937 

Minam River Chinook 0.01 0.00 0.89 10 10 2 53 937 

Minam River Chinook 0.10 0.00 0.97 30 10 2 53 937 

Minam River Chinook 0.28 0.00 0.99 50 10 2 53 937 

Wenaha River Chinook 0.09 0.00 0.96 1 2 10 45 970 

Wenaha River Chinook 0.33 0.00 0.99 10 10 10 45 970 

Wenaha River Chinook 0.63 0.00 1.00 30 10 10 45 970 

Wenaha River Chinook 0.80 0.00 1.00 50 10 10 45 970 

South Fork Salmon Mainstem 0.00 0.00 0.22 1 2 91 0 763 

South Fork Salmon Mainstem 0.00 0.00 0.48 10 10 91 0 763 

South Fork Salmon Mainstem 0.00 0.00 0.63 30 10 91 0 763 

South Fork Salmon Mainstem 0.00 0.00 0.76 50 10 91 0 763 

Secesh River Chinook 0.00 0.00 0.70 1 2 195 40 776 

Secesh River Chinook 0.01 0.00 0.84 10 10 195 40 776 

Secesh River Chinook 0.06 0.00 0.92 30 10 195 40 776 

Secesh River Chinook 0.13 0.00 0.95 50 10 195 40 776 

South Fork Salmon East Fork (inc Johnson Cr.) 0.01 0.00 0.63 1 2 353 15 623 

South Fork Salmon East Fork (inc Johnson Cr.) 0.05 0.00 0.86 10 10 353 15 623 

Table 1b. (Continued)         

Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 

South Fork Salmon East Fork (inc Johnson Cr.) 0.15 0.00 0.94 30 10 353 15 623 

South Fork Salmon East Fork (inc Johnson Cr.) 0.28 0.00 0.98 50 10 353 15 623 

Big Creek Chinook 0.02 0.00 0.99 1 2 22 36 868 

Big Creek Chinook 0.23 0.00 1.00 10 10 22 36 868 

Big Creek Chinook 0.65 0.00 1.00 30 10 22 36 868 

Big Creek Chinook 0.87 0.00 1.00 50 10 22 36 868 

Bear Valley Creek 0.00 0.00 0.84 1 2 1 53 982 

Bear Valley Creek 0.02 0.00 0.95 10 10 1 53 982 

Bear Valley Creek 0.19 0.00 0.99 30 10 1 53 982 

Bear Valley Creek 0.40 0.00 1.00 50 10 1 53 982 

Marsh Creek Chinook 0.37 0.00 1.00 1 2 92 33 814 

Marsh Creek Chinook 0.78 0.00 1.00 10 10 92 33 814 

Marsh Creek Chinook 0.95 0.00 1.00 30 10 92 33 814 
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Marsh Creek Chinook 0.98 0.02 1.00 50 10 92 33 814 

Sulphur Creek* 0.01 0.00 0.98 1 2 8 43 797 

Sulphur Creek* 0.28 0.00 1.00 10 10 8 43 797 

Sulphur Creek* 0.81 0.00 1.00 30 10 8 43 797 

Sulphur Creek* 0.96 0.00 1.00 50 10 8 43 797 

Valley Creek Chinook 0.01 0.00 0.83 1 2 1 58 720 

Valley Creek Chinook 0.46 0.00 1.00 10 10 1 58 720 

Valley Creek Chinook 0.96 0.05 1.00 30 10 1 58 720 

Valley Creek Chinook 1.00 0.29 1.00 50 10 1 58 720 

Lower Mainstem Salmon River (SRLMA) 0.00 0.00 0.91 1 2 1 116 865 

Lower Mainstem Salmon River (SRLMA) 0.03 0.00 1.00 10 10 1 116 865 

Lower Mainstem Salmon River (SRLMA) 0.47 0.00 1.00 30 10 1 116 865 

Lower Mainstem Salmon River (SRLMA) 0.85 0.00 1.00 50 10 1 116 865 

Upper Mainstem Salmon River (SRUMA) 0.00 0.00 0.89 1 2 20 9 871 

Upper Mainstem Salmon River (SRUMA) 0.00 0.00 0.96 10 10 20 9 871 

Upper Mainstem Salmon River (SRUMA) 0.00 0.00 0.99 30 10 20 9 871 

Upper Mainstem Salmon River (SRUMA) 0.00 0.00 1.00 50 10 20 9 871 

Wenatchee River Chinook 0.01 0.00 0.90 1 2 7 191 919 

Wenatchee River Chinook 0.03 0.00 0.95 10 10 7 191 919 

Wenatchee River Chinook 0.09 0.00 0.99 30 10 7 191 919 

Wenatchee River Chinook 0.14 0.00 1.00 50 10 7 191 919 

Entiat River Chinook 0.00 0.00 0.89 1 2 11 35 942 

Entiat River Chinook 0.03 0.00 0.98 10 10 11 35 942 

Entiat River Chinook 0.28 0.00 1.00 30 10 11 35 942 

Entiat River Chinook 0.64 0.00 1.00 50 10 11 35 942 

To increase the accuracy of the Sulphur Creek extinction probability estimates, 10,000 trajectories were used instead of 4,000.  

 

Table 2a. Confidence limits on extinction probabilities (Prob) for steelhead (updated with "Sthd datasets 1_22_08 
for dist.xls") .  The lower confidence bound represents the 0.025 quantile of the 1000 extinction probability 
replications, while the upper limit represents the 0.975 quantile of the the 1000 extinction probability replications.  
Extinction probabilities were calculated over a time window of 24 years with various levels of quasi-extinction 
threshold (QET) and reproductive failure threshold (RFT). Note that less that 1000 replications were actually 
generated for each of the populations because some bootstrap samples resulted in invalid maximum likelihood 
estimates of the Ricker model. The column "ngood" represents the number of valid replicates of the parameter 
estimates. "nbadb" represents the number of replicates with b less than zero, and "nbadalpha" represents the 
number of replicates with alpha greater than 1.0. Whenever a replication of alpha was greater than one, it was set 
equal to one. Extinction probabilities were based on 4000 population trajectories.  The time period used was 1978-
present. The population projections were initialized with the most recent six spawner observations. 
Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 

Average A-run steelhead population 0.05 0.00 0.28 1 2 3 315 842 

Average A-run steelhead population 0.10 0.00 0.37 10 10 3 315 842 
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Average A-run steelhead population 0.16 0.00 0.44 30 10 3 315 842 

Average A-run steelhead population 0.21 0.00 0.49 50 10 3 315 842 

Average B-run steelhead population 0.00 0.00 0.18 1 2 7 173 917 

Average B-run steelhead population 0.02 0.00 0.29 10 10 7 173 917 

Average B-run steelhead population 0.03 0.00 0.36 30 10 7 173 917 

Average B-run steelhead population 0.05 0.00 0.41 50 10 7 173 917 

Grande Ronde Upper Mainstem Steelhead 0.00 0.00 0.00 1 2 0 8 995 

Grande Ronde Upper Mainstem Steelhead 0.00 0.00 0.00 10 10 0 8 995 

Grande Ronde Upper Mainstem Steelhead 0.00 0.00 0.00 30 10 0 8 995 

Grande Ronde Upper Mainstem Steelhead 0.00 0.00 0.01 50 10 0 8 995 

Wallowa River Steelhead 0.00 0.00 0.04 1 2 0 100 987 

Wallowa River Steelhead 0.00 0.00 0.15 10 10 0 100 987 

Wallowa River Steelhead 0.00 0.00 0.31 30 10 0 100 987 

Wallowa River Steelhead 0.00 0.00 0.45 50 10 0 100 987 

Joseph Creek Steelhead 0.00 0.00 0.03 1 2 5 12 974 

Joseph Creek Steelhead 0.00 0.00 0.10 10 10 5 12 974 

Joseph Creek Steelhead 0.00 0.00 0.15 30 10 5 12 974 

Joseph Creek Steelhead 0.00 0.00 0.19 50 10 5 12 974 

Imnaha River Steelhead (Camp Creek) 0.00 0.00 0.34 1 2 0 113 992 

Imnaha River Steelhead (Camp Creek) 0.00 0.00 0.53 10 10 0 113 992 

Imnaha River Steelhead (Camp Creek) 0.13 0.00 0.82 30 10 0 113 992 

Imnaha River Steelhead (Camp Creek) 0.53 0.03 0.96 50 10 0 113 992 

John Day Lower Mainstem 0.00 0.00 0.21 1 2 0 55 994 

John Day Lower Mainstem 0.00 0.00 0.29 10 10 0 55 994 

John Day Lower Mainstem 0.00 0.00 0.35 30 10 0 55 994 

John Day Lower Mainstem 0.00 0.00 0.38 50 10 0 55 994 

John Day North Fork 0.00 0.00 0.01 1 2 0 25 997 

John Day North Fork 0.00 0.00 0.02 10 10 0 25 997 

John Day North Fork 0.00 0.00 0.04 30 10 0 25 997 

John Day North Fork 0.00 0.00 0.07 50 10 0 25 997 

John Day Upper Mainstem 0.00 0.00 0.36 1 2 0 121 965 

John Day Upper Mainstem 0.00 0.00 0.43 10 10 0 121 965 

John Day Upper Mainstem 0.00 0.00 0.61 30 10 0 121 965 

John Day Upper Mainstem 0.00 0.00 0.67 50 10 0 121 965 

John Day Middle Fork 0.00 0.00 0.16 1 2 0 128 989 

John Day Middle Fork 0.00 0.00 0.28 10 10 0 128 989 

John Day Middle Fork 0.00 0.00 0.38 30 10 0 128 989 

Table 2a. (Continued)         

Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 



NOAA Fisheries                  
Supplemental Comprehensive Analysis 

 
Aggregate Analysis Appendix Attachment 1                       21                                                May 5, 
2008 

John Day Middle Fork 0.00 0.00 0.44 50 10 0 128 989 

John Day South Fork 0.00 0.00 0.40 1 2 0 182 975 

John Day South Fork 0.00 0.00 0.55 10 10 0 182 975 

John Day South Fork 0.01 0.00 0.61 30 10 0 182 975 

John Day South Fork 0.03 0.00 0.69 50 10 0 182 975 

Umatilla River Steelhead 0.00 0.00 0.14 1 2 3 32 995 

Umatilla River Steelhead 0.00 0.00 0.26 10 10 3 32 995 

Umatilla River Steelhead 0.00 0.00 0.34 30 10 3 32 995 

Umatilla River Steelhead 0.00 0.00 0.37 50 10 3 32 995 

Walla Walla River Steelhead 0.00 0.00 0.11 1 2 29 97 909 

Walla Walla River Steelhead 0.00 0.00 0.23 10 10 29 97 909 

Walla Walla River Steelhead 0.00 0.00 0.31 30 10 29 97 909 

Walla Walla River Steelhead 0.00 0.00 0.35 50 10 29 97 909 

Fifteenmile Steelhead 0.00 0.00 0.22 1 2 0 130 980 

Fifteenmile Steelhead 0.00 0.00 0.32 10 10 0 130 980 

Fifteenmile Steelhead 0.00 0.00 0.40 30 10 0 130 980 

Fifteenmile Steelhead 0.00 0.00 0.44 50 10 0 130 980 

Deschutes Westside Steelhead 0.00 0.00 0.48 1 2 0 185 976 

Deschutes Westside Steelhead 0.00 0.00 0.75 10 10 0 185 976 

Deschutes Westside Steelhead 0.00 0.00 0.84 30 10 0 185 976 

Deschutes Westside Steelhead 0.01 0.00 0.90 50 10 0 185 976 

Deschutes Eastside Steelhead 0.42 0.00 1.00 1 2 4 800 762 

Deschutes Eastside Steelhead 0.48 0.00 1.00 10 10 4 800 762 

Deschutes Eastside Steelhead 0.51 0.00 1.00 30 10 4 800 762 

Deschutes Eastside Steelhead 0.53 0.00 1.00 50 10 4 800 762 

Satus Creek Steelhead 0.00 0.00 0.04 1 2 0 40 978 

Satus Creek Steelhead 0.00 0.00 0.13 10 10 0 40 978 

Satus Creek Steelhead 0.00 0.00 0.22 30 10 0 40 978 

Satus Creek Steelhead 0.00 0.00 0.30 50 10 0 40 978 

Toppenish Creek Steelhead 0.48 0.00 0.58 1 2 1 611 778 

Toppenish Creek Steelhead 0.61 0.00 0.73 10 10 1 611 778 

Toppenish Creek Steelhead 0.73 0.00 0.92 30 10 1 611 778 

Toppenish Creek Steelhead 0.79 0.00 0.97 50 10 1 611 778 

Naches River Steelhead 0.06 0.00 0.58 1 2 1 200 933 

Naches River Steelhead 0.18 0.00 0.77 10 10 1 200 933 

Naches River Steelhead 0.27 0.00 0.83 30 10 1 200 933 

Naches River Steelhead 0.34 0.00 0.87 50 10 1 200 933 

Upper Yakima River Steelhead 0.37 0.00 1.00 1 2 1 612 837 

Upper Yakima River Steelhead 0.50 0.00 1.00 10 10 1 612 837 
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Upper Yakima River Steelhead 0.60 0.00 1.00 30 10 1 612 837 

Upper Yakima River Steelhead 0.68 0.08 1.00 50 10 1 612 837 

Upper Columbia Steelhead -- Wenatchee River 0.01 0.00 0.38 1 2 0 23 996 

Upper Columbia Steelhead -- Wenatchee River 0.06 0.00 0.59 10 10 0 23 996 

Upper Columbia Steelhead -- Wenatchee River 0.19 0.00 0.84 30 10 0 23 996 

Upper Columbia Steelhead -- Wenatchee River 0.27 0.00 0.92 50 10 0 23 996 

Upper Columbia Steelhead -- Methow River 0.00 0.00 0.82 1 2 0 36 996 

Upper Columbia Steelhead -- Methow River 0.07 0.00 0.99 10 10 0 36 996 

Upper Columbia Steelhead -- Methow River 0.28 0.00 1.00 30 10 0 36 996 

Table 2a. (Continued)         

Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 

Upper Columbia Steelhead -- Methow River 0.47 0.02 1.00 50 10 0 36 996 

Upper Columbia Steelhead -- Entiat River 0.53 0.00 0.67 1 2 0 263 988 

Upper Columbia Steelhead -- Entiat River 0.80 0.00 0.95 10 10 0 263 988 

Upper Columbia Steelhead -- Entiat River 0.95 0.01 1.00 30 10 0 263 988 

Upper Columbia Steelhead -- Entiat River 0.99 0.10 1.00 50 10 0 263 988 

Upper Columbia Steelhead -- Okanogan River 0.93 0.18 1.00 1 2 0 50 990 

Upper Columbia Steelhead -- Okanogan River 1.00 0.56 1.00 10 10 0 50 990 

Upper Columbia Steelhead -- Okanogan River 1.00 0.71 1.00 30 10 0 50 990 

Upper Columbia Steelhead -- Okanogan River 1.00 0.77 1.00 50 10 0 50 990 

 

Table 2b. Confidence limits on extinction probabilities (Prob) for steelhead updated with "Sthd datasets 1_22_08 
for dist.xls". The lower confidence bound represents the 0.025 quantile of the 1000 extinction probability 
replications, while the upper limit represents the 0.975 quantile of the the 1000 extinction probability replications.  
Extinction probabilities were calculated over a time window of 100 years with various levels of quasi-extinction 
threshold (QET) and reproductive failure threshold (RFT). Note that less that 1000 replications were actually 
generated for each of the populations because some bootstrap samples resulted in invalid maximum likelihood 
estimates of the Ricker model. The column "ngood" represents the number of valid replications of the parameter 
estimates. "nbadb" represents the number of replications with b less than zero, and "nbadalpha" represents the 
number of replications with alpha greater than 1.0. Whenever a replication of alpha was greater than one, it was 
set equal to one. Extinction probabilities were based on 4000 population trajectories.  The time period used was 
1978-present.  The population projections were initialized with the most recent six spawner observations. 
Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 

Average A-run steelhead population 0.32 0.00 0.73 1 2 3 315 842 

Average A-run steelhead population 0.43 0.00 0.78 10 10 3 315 842 

Average A-run steelhead population 0.53 0.00 0.81 30 10 3 315 842 

Average A-run steelhead population 0.60 0.00 0.85 50 10 3 315 842 

Average B-run steelhead population 0.04 0.00 0.63 1 2 7 173 917 

Average B-run steelhead population 0.11 0.00 0.67 10 10 7 173 917 

Average B-run steelhead population 0.18 0.00 0.74 30 10 7 173 917 

Average B-run steelhead population 0.27 0.00 0.77 50 10 7 173 917 
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Grande Ronde Upper Mainstem Steelhead 0.00 0.00 0.00 1 2 0 8 995 

Grande Ronde Upper Mainstem Steelhead 0.00 0.00 0.02 10 10 0 8 995 

Grande Ronde Upper Mainstem Steelhead 0.00 0.00 0.04 30 10 0 8 995 

Grande Ronde Upper Mainstem Steelhead 0.00 0.00 0.08 50 10 0 8 995 

Wallowa River Steelhead 0.00 0.00 0.41 1 2 0 100 987 

Wallowa River Steelhead 0.00 0.00 0.50 10 10 0 100 987 

Wallowa River Steelhead 0.00 0.00 0.74 30 10 0 100 987 

Wallowa River Steelhead 0.01 0.00 0.86 50 10 0 100 987 

Joseph Creek Steelhead 0.00 0.00 0.47 1 2 5 12 974 

Joseph Creek Steelhead 0.00 0.00 0.57 10 10 5 12 974 

Joseph Creek Steelhead 0.00 0.00 0.62 30 10 5 12 974 

Joseph Creek Steelhead 0.00 0.00 0.65 50 10 5 12 974 

Imnaha River Steelhead (Camp Creek) 0.00 0.00 0.72 1 2 0 113 992 

Imnaha River Steelhead (Camp Creek) 0.02 0.00 0.89 10 10 0 113 992 

Imnaha River Steelhead (Camp Creek) 0.50 0.00 0.99 30 10 0 113 992 

Imnaha River Steelhead (Camp Creek) 0.96 0.15 1.00 50 10 0 113 992 

John Day Lower Mainstem 0.00 0.00 0.76 1 2 0 55 994 

John Day Lower Mainstem 0.00 0.00 0.83 10 10 0 55 994 

John Day Lower Mainstem 0.00 0.00 0.85 30 10 0 55 994 

John Day Lower Mainstem 0.00 0.00 0.87 50 10 0 55 994 

John Day North Fork 0.00 0.00 0.29 1 2 0 25 997 

John Day North Fork 0.00 0.00 0.35 10 10 0 25 997 

John Day North Fork 0.00 0.00 0.43 30 10 0 25 997 

John Day North Fork 0.00 0.00 0.46 50 10 0 25 997 

John Day Upper Mainstem 0.00 0.00 0.83 1 2 0 121 965 

John Day Upper Mainstem 0.00 0.00 0.91 10 10 0 121 965 

John Day Upper Mainstem 0.00 0.00 0.95 30 10 0 121 965 

John Day Upper Mainstem 0.01 0.00 0.97 50 10 0 121 965 

Table 2b. (Continued)         

Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 

John Day Middle Fork 0.00 0.00 0.65 1 2 0 128 989 

John Day Middle Fork 0.00 0.00 0.71 10 10 0 128 989 

John Day Middle Fork 0.00 0.00 0.76 30 10 0 128 989 

John Day Middle Fork 0.00 0.00 0.78 50 10 0 128 989 

John Day South Fork 0.00 0.00 0.84 1 2 0 182 975 

John Day South Fork 0.02 0.00 0.88 10 10 0 182 975 

John Day South Fork 0.09 0.00 0.92 30 10 0 182 975 

John Day South Fork 0.14 0.00 0.93 50 10 0 182 975 

Umatilla River Steelhead 0.00 0.00 0.63 1 2 3 32 995 
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Umatilla River Steelhead 0.00 0.00 0.69 10 10 3 32 995 

Umatilla River Steelhead 0.00 0.00 0.74 30 10 3 32 995 

Umatilla River Steelhead 0.00 0.00 0.76 50 10 3 32 995 

Walla Walla River Steelhead 0.00 0.00 0.53 1 2 28 108 907 

Walla Walla River Steelhead 0.00 0.00 0.59 10 10 28 108 907 

Walla Walla River Steelhead 0.00 0.00 0.63 30 10 28 108 907 

Walla Walla River Steelhead 0.00 0.00 0.66 50 10 28 108 907 

Fifteenmile Steelhead 0.00 0.00 0.62 1 2 0 143 977 

Fifteenmile Steelhead 0.00 0.00 0.7 10 10 0 143 977 

Fifteenmile Steelhead 0.00 0.00 0.75 30 10 0 143 977 

Fifteenmile Steelhead 0.01 0.00 0.79 50 10 0 143 977 

Deschutes Westside Steelhead 0.00 0.00 0.82 1 2 0 174 982 

Deschutes Westside Steelhead 0.00 0.00 0.92 10 10 0 174 982 

Deschutes Westside Steelhead 0.02 0.00 0.97 30 10 0 174 982 

Deschutes Westside Steelhead 0.04 0.00 0.98 50 10 0 174 982 

Deschutes Eastside Steelhead 1.00 0.00 1.00 1 2 3 777 723 

Deschutes Eastside Steelhead 1.00 0.00 1.00 10 10 3 777 723 

Deschutes Eastside Steelhead 1.00 0.00 1.00 30 10 3 777 723 

Deschutes Eastside Steelhead 1.00 0.00 1.00 50 10 3 777 723 

Satus Creek Steelhead 0.00 0.00 0.58 1 2 1 49 988 

Satus Creek Steelhead 0.00 0.00 0.68 10 10 1 49 988 

Satus Creek Steelhead 0.00 0.00 0.79 30 10 1 49 988 

Satus Creek Steelhead 0.00 0.00 0.87 50 10 1 49 988 

Toppenish Creek Steelhead 0.94 0.00 0.98 1 2 5 583 777 

Toppenish Creek Steelhead 0.98 0.00 1.00 10 10 5 583 777 

Toppenish Creek Steelhead 0.99 0.00 1.00 30 10 5 583 777 

Toppenish Creek Steelhead 1.00 0.00 1.00 50 10 5 583 777 

Naches River Steelhead 0.50 0.00 0.92 1 2 2 228 949 

Naches River Steelhead 0.64 0.00 0.99 10 10 2 228 949 

Naches River Steelhead 0.74 0.00 1.00 30 10 2 228 949 

Naches River Steelhead 0.78 0.00 1.00 50 10 2 228 949 

Upper Yakima River Steelhead 0.99 0.00 1.00 1 2 0 619 849 

Upper Yakima River Steelhead 0.99 0.00 1.00 10 10 0 619 849 

Upper Yakima River Steelhead 1.00 0.00 1.00 30 10 0 619 849 

Upper Yakima River Steelhead 1.00 0.07 1.00 50 10 0 619 849 

Upper Columbia Steelhead -- Wenatchee River 0.62 0.00 1.00 1 2 0 7 989 

Upper Columbia Steelhead -- Wenatchee River 0.83 0.00 1.00 10 10 0 7 989 

Upper Columbia Steelhead -- Wenatchee River 0.91 0.00 1.00 30 10 0 7 989 

Upper Columbia Steelhead -- Wenatchee River 0.95 0.00 1.00 50 10 0 7 989 
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Table 2b. (Continued)         

Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 

Upper Columbia Steelhead -- Methow River 0.66 0.00 1.00 1 2 0 41 994 

Upper Columbia Steelhead -- Methow River 0.92 0.00 1.00 10 10 0 41 994 

Upper Columbia Steelhead -- Methow River 0.98 0.02 1.00 30 10 0 41 994 

Upper Columbia Steelhead -- Methow River 0.99 0.10 1.00 50 10 0 41 994 

Upper Columbia Steelhead -- Entiat River 0.88 0.00 1.00 1 2 0 241 991 

Upper Columbia Steelhead -- Entiat River 0.95 0.00 1.00 10 10 0 241 991 

Upper Columbia Steelhead -- Entiat River 0.99 0.04 1.00 30 10 0 241 991 

Upper Columbia Steelhead -- Entiat River 1.00 0.29 1.00 50 10 0 241 991 

Upper Columbia Steelhead -- Okanogan River 1.00 0.89 1.00 1 2 0 51 994 

Upper Columbia Steelhead -- Okanogan River 1.00 0.94 1.00 10 10 0 51 994 

Upper Columbia Steelhead -- Okanogan River 1.00 0.96 1.00 30 10 0 51 994 

Upper Columbia Steelhead -- Okanogan River 1.00 0.97 1.00 50 10 0 51 994 

 

Table 3a. Snake River  Fall chinook confidence limits on extinction probabilities (Prob) (updated with "Chinook 
datasets 11_14_07 for dist.xls"). The lower confidence bound represents the 0.025 quantile of the 1000 extinction 
probability replications, while the upper limit represents the 0.975 quantile of the the 1000 extinction probability 
replications.  Extinction probabilities were calculated over a time window of 24 years with various levels of quasi-
extinction threshold (QET) and reproductive failure threshold (RFT). Note that less that 1000 replications were 
actually generated for each of the populations because some bootstrap samples resulted in invalid maximum 
likelihood estimates of the Ricker model. The column "ngood" represents the number of valid replicates of the 
parameter estimates. "nbadb" represents the number of replications with b less than zero, and "nbadalpha" 
represents the number of replications with alpha greater than 1.0. Whenever a replication of alpha was greater 
than one, it was set equal to one. Extinction probabilities were based on 4000 population trajectories.  The time 
period used was 1978-present. The population projections were initialized with the most recent five years of 
spawner observations. Spawner numbers do not include jacks. 
Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 

Snake River Fall Chinook 0.00 0.00 1.00 1 2 0 30 987 

Snake River Fall Chinook 0.00 0.00 1.00 10 10 0 30 987 

Snake River Fall Chinook 0.00 0.00 1.00 30 10 0 30 987 

Snake River Fall Chinook 0.01 0.00 1.00 50 10 0 30 987 
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Table 3b. Snake River  Fall chinook confidence limits on extinction probabilities ("Prob")  (updated with "Chinook datasets 
11_14_07 for dist.xls"). These are based on 1000 replicates of the estimation process. The lower confidence bound represents 
the 0.025 quantile of the 1000 extinction probability replications, while the upper limit represents the 0.975 quantile of the the 
1000 extinction probability replications.  Extinction probabilities were calculated over a time window of 100 years with various 
levels of quasi-extinction threshold (QET) and reproductive failure threshold (RFT). Note that less that 1000 replications were 
actually generated for each of the populations because some bootstrap samples resulted in invalid maximum likelihood 
estimates of the Ricker model. The column "ngood" represents the number of valid replicates of the parameter estimates." 
nbadb" represents the number of replicates with b less than zero, and nbadalpha represents the number of replicates with 
alpha greater than 1.0. Whenever a replication of alpha was greater than one, it was set equal to one. Extinction probabilities 
were based on 4000 population trajectories.  The time period used was 1978-present. The population projections were 
initialized with the most recent five years of spawner observations. Spawner numbers do not include jacks. 

Population Prob Lower95 Upper95 QET RFT nbadb nbadalpha ngood 

Snake River Fall Chinook 0.04 0.00 1.00 1 2 0 30 987 

Snake River Fall Chinook 0.15 0.00 1.00 10 10 0 30 987 

Snake River Fall Chinook 0.24 0.00 1.00 30 10 0 30 987 

Snake River Fall Chinook 0.33 0.00 1.00 50 10 0 30 987 

 

Table 4. Spring/summer chinook extinction probabilities with supplementation in the future (updated with "Chinook 
datasets 11_14_07 for dist.xls"). Relative reproductive effectiveness of hatchery-born spawners was assumed to be 0.2 
retrospectively and 0.45 in the future. Future fractions of wild-spawners were equal to the average from years 1996-
present. Extinction probability results using Beverton-Holt production function and autoregressive process of order 1 
for the errors. The autoregressive parameter was estimated using maximum likelihood. Populations analyzed were the 
Grande Ronde/ Imnaha populations from the Snake River Spring/Summer Chinook ESU and Upper Columbia Spring 
Chinook ESU. Extinction occurred when spawners fell below QET four years running. Reproductive failure occurred 
(zero recruits) whenever spawner abundance fell below 10. When QET was 1, the reproductive failure threshold was 2.   
Extinction probability estimates were based on 4000 population simulations.  
  Time horizon = 24 years   Time horizon = 100 years 

Population QET = 
1 

QET = 10 QET = 30 QET = 50   QET = 
1 

QET = 10 QET = 30 QET = 50 

Lostine River Chinook 0.00 0.00 0.00 0.02  0.00 0.00 0.04 0.12 

Grande Ronde Upper Mainstem Chinook 0.00 0.01 0.11 0.30  0.00 0.05 0.40 0.77 

Catherine Creek Chinook 0.01 0.05 0.12 0.23  0.07 0.28 0.51 0.68 

Imnaha River Chinook 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.01 

 

Table 5. Extinction probabilities for Upper Columbia Steelhead with supplementation in the future (data updated with 
"Sthd datasets 1_22_08 for dist.xls").  Extinction probability results were obtained using the  Ricker model with an 
autocorrelation in the residual errors.  The reproductive failure threshold (RFT) was set at 10 except when QET=1, in 
which case RFT was set to 2. Extinction was calculated at four levels of quasi-extinction threshold (QET; 1,10,30,and 50), 
and three different time horizons (24 and 100 years).  Relative reproductive success of hatchery-born spawners was 0.20  
(historical) and 0.45 (future), and the future fraction of wild-born spawners was set to the recent 10-year average. 
  24 year   100 year 

Population QET=1 QET=10 QET=30 QET=50   QET=1 QET=10 QET=30 QET=50 

Upper Columbia Steelhead -- Wenatchee 0.00 0.00 0.00 0.00  0.00 0.00 0.01 0.02 
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Table 6. Extinction probabilities for Snake River Fall Chinook with supplementation in the future 
(updated with "Chinook datasets 11_14_07 for dist.xls").  The extinction probability results were 
obtained using the Ricker Model with autocorrelation in the residual errors.  Reproductive failure 
threshold (RFT) was set at 10 except when QET=1, in which case RFT was set to 2. Extinction 
was calculated at four levels of quasi-extinction threshold (QET; 1,10,30,and 50), and three 
different time horizons (24, and 100 years).  Relative reproductive success of hatchery-born 
spawners was assumed be 1. The most recent 10-year average fraction of wild spawners was 
used to project future supplementation. 
  24 year   100 year 

Population QET=1 QET=10 QET=30 QET=50   QET=1 QET=10 QET=30 QET=50 

Snake River Fall Chinook 0.00 0.00 0.00 0.00   0.00 0.00 0.00 0.00 

 

River 

Upper Columbia Steelhead -- Methow River 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.01 

Upper Columbia Steelhead -- Entiat River* 0.01 0.06 0.17 0.30  0.10 0.29 0.54 0.72 

Upper Columbia Steelhead -- Okanogan 
River 

0.00 0.00 0.00 0.00   0.00 0.00 0.00 0.00 

* For the Entiat River, the future hatchery effectiveness was set to 0.20 instead of 0.45   
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Table 7a. Survival Gaps analysis for spring/summer chinook.  The 
gaps or "needed survival increases" are presented as multipliers on 
current survival necessary to achieve 5% extinction risk over 24 
years. When a quasi-extinction threshold of 1 was used, the 
reproductive failure threshold was 2, and when a quasi-extinction 
threshold of 10 or higher was used, the reproductive failure threshold 
was 10. Survival gaps were calculated from probabilities based on 
10,000 population projections. An accuracy of 0.0001 was used in the 
bisection method to locate the Beverton-Holt a parameter resulting in 
5% extinction probability. Data from “Chinook datasets 11_14_07 for 
dist.xls”. The population projections were initialized with spawner 
observations from 2002-2006 for Tucannon and 2001-2005 for the 
remaining populations. Spawner and recruitment numbers do not 
include jacks. 
 Needed survival increase 

Population QET=1 QET=10 QET=30 QET=50 

Tucannon Spring Chinook 0.33 0.57 0.86 1.13 

Lostine River Chinook 0.49 0.87 1.27 1.60 

Grande Ronde Upper Mainstem Chinook 0.55 1.11 1.87 2.65 

Catherine Creek Chinook 1.28 2.18 3.07 3.88 

Imnaha River Chinook 0.41 0.69 0.97 1.18 

Minam River Chinook 0.27 0.50 0.79 1.06 

Wenaha River Chinook 0.55 0.95 1.38 1.71 

South Fork Salmon Mainstem 0.16 0.27 0.37 0.45 

Secesh River Chinook 0.32 0.52 0.69 0.84 

South Fork Salmon East Fork (inc Johnson 
Cr.) 

0.39 0.63 0.81 0.94 

Big Creek Chinook 0.42 0.96 1.84 2.70 

Bear Valley Creek 0.27 0.53 0.90 1.26 

Marsh Creek Chinook 0.89 1.82 3.11 4.28 

Sulphur Creek 0.29 1.06 2.66 4.25 

Valley Creek Chinook 0.32 1.28 3.28 5.37 

Lower Mainstem Salmon River (SRLMA) 0.19 0.57 1.37 2.18 

Upper Mainstem Salmon River (SRUMA) 0.07 0.21 0.47 0.74 

Wenatchee River Chinook 0.13 0.29 0.49 0.65 

Entiat River Chinook 0.32 0.63 1.04 1.47 
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Table 7b. Survival Gaps analysis for spring/summer chinook.  The 
gaps or "needed survival increases" are presented as multipliers on 
current survival necessary to achieve 5% extinction risk over 100 
years. When a quasi-extinction threshold of 1 was used, the 
reproductive failure threshold was 2, and when a quasi-extinction 
threshold of 10 or higher was used, the reproductive failure threshold 
was 10. Survival gaps were calculated from probabilities based on 
10,000 projections. An accuracy of 0.0001 was used in the bisection 
method to locate the Beverton-Holt a parameter resulting in 5% 
extinction probability. Data from “Chinook datasets 11_14_07 for 
dist.xls”. The population projections were initialized with spawner 
observations from 2002-2006 for Tucannon and 2001-2005 for the 
remaining populations. Spawner and recruitment numbers do not 
include jacks. 
 Needed survival increase 

Population QET=1 QET=10 QET=30 QET=50 

Tucannon Spring Chinook 0.58 0.86 1.23 1.59 

Lostine River Chinook 0.99 1.47 2.08 2.64 

Grande Ronde Upper Mainstem Chinook 0.91 1.64 2.60 3.68 

Catherine Creek Chinook 2.65 3.94 5.57 6.97 

Imnaha River Chinook 0.85 1.15 1.50 1.81 

Minam River Chinook 0.50 0.76 1.14 1.51 

Wenaha River Chinook 1.09 1.53 2.12 2.62 

South Fork Salmon Mainstem 0.33 0.42 0.50 0.59 

Secesh River Chinook 0.65 0.83 1.01 1.17 

South Fork Salmon East Fork (inc Johnson 
Cr.) 

0.84 1.00 1.14 1.26 

Big Creek Chinook 0.81 1.65 3.18 4.68 

Bear Valley Creek 0.51 0.86 1.41 1.99 

Marsh Creek Chinook 1.86 3.32 5.55 7.64 

Sulphur Creek 0.52 1.84 4.68 7.63 

Valley Creek Chinook 0.57 2.18 5.50 9.09 

Lower Mainstem Salmon River (SRLMA) 0.32 0.89 2.16 3.43 

Upper Mainstem Salmon River (SRUMA) 0.11 0.30 0.68 1.08 

Wenatchee River Chinook 0.46 0.83 1.38 1.86 

Entiat River Chinook 0.56 0.92 1.53 2.13 
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Table 8. Estimates of the log BRT trend for various spring/summer chinook populations (updated with "Chinook datasets 11_14_07.xls"). 
Estimates of standard error (SE) were obtained using bootstrapping. Synthetic data sets were generated using run reconstruction 
information, age structure, and lag-1 autocorrelation in the log(R/S) observations. The log(BRT trend estimate) was generated by regressing 
log(natural spawners+1) against time and using the slope of the ordinary least squares regression line. "Nobs" represents the number of 
spawner observations used in the least squares estimation. The SEs were based on 1000 replications. The confidence intervals were 
constructed for the log(BRT trend estimate) using bootstrapping.  

Population 1980-present   1990-present 

 Estimate  SE Lower95 Upper95 Nobs  Estimate SE Lower95 Upper95 Nobs 

Tucannon Spring Chinook -0.08 0.13 -0.09 0.43 27  0.01 0.23 -0.24 0.66 17 

Lostine River Chinook 0.01 0.16 -0.19 0.43 26  0.15 0.24 -0.29 0.64 16 

Grande Ronde Upper Mainstem Chinook -0.07 0.11 -0.10 0.35 26  -0.01 0.15 -0.11 0.46 16 

Catherine Creek Chinook -0.07 0.17 -0.25 0.38 26  0.20 0.20 -0.23 0.59 16 

Imnaha River Chinook -0.03 0.12 -0.14 0.35 26  0.09 0.18 -0.16 0.55 16 

Minam River Chinook 0.02 0.16 -0.20 0.41 26  0.12 0.26 -0.37 0.63 16 

Wenaha River Chinook 0.04 0.13 -0.16 0.36 26  0.18 0.23 -0.28 0.58 16 

South Fork Salmon Mainstem 0.05 0.09 -0.08 0.30 24  0.08 0.16 -0.27 0.34 14 

Secesh River Chinook 0.04 0.10 -0.11 0.29 26  0.11 0.16 -0.16 0.46 16 

South Fork Salmon East Fork (inc Johnson Cr.) 0.02 0.08 -0.09 0.21 24  0.04 0.16 -0.30 0.31 14 

Big Creek Chinook 0.02 0.21 -0.25 0.51 25  0.13 0.28 -0.37 0.71 15 

Bear Valley Creek 0.05 0.13 -0.16 0.37 24  0.15 0.27 -0.41 0.61 14 

Camas Creek Chinook -0.01 0.18 -0.16 0.56 25  0.18 0.32 -0.27 0.97 15 

Loon Creek Chinook 0.06 0.13 -0.09 0.41 25  0.29 0.37 -0.48 0.92 15 

Marsh Creek Chinook 0.00 0.17 -0.24 0.39 24  0.11 0.28 -0.47 0.54 14 

Sulphur Creek -0.01 0.16 -0.17 0.47 23  0.00 0.23 -0.41 0.47 14 

Chamberlain Creek Chinook 0.03 0.33 -0.47 0.78 16  0.10 0.12 -0.14 0.33 12 

Pahsimeroi Chinook 0.32 0.29 -0.22 0.87 20  0.29 0.27 -0.08 0.94 16 

Lemhi River Chinook -0.02 0.14 -0.17 0.36 24  0.12 0.20 -0.16 0.60 14 

Valley Creek Chinook 0.02 0.13 -0.12 0.40 24  0.18 0.23 -0.30 0.61 14 

Yankee Fork Salmon River 0.03 0.18 -0.19 0.50 23  0.12 0.35 -0.42 0.85 14 
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Lower Mainstem Salmon River (SRLMA) 0.00 0.15 -0.16 0.40 26  0.10 0.20 -0.19 0.58 16 

Upper Salmon East Fork Chinook 0.01 0.23 -0.23 0.62 26  0.16 0.34 -0.38 0.95 16 

Upper Mainstem Salmon River (SRUMA) 0.01 0.16 -0.08 0.54 26  0.11 0.24 -0.21 0.71 16 

Wenatchee River Chinook -0.11 0.17 -0.27 0.38 24  -0.02 0.28 -0.45 0.64 14 

Methow River Chinook -0.05 0.26 -0.06 0.97 22  -0.09 0.57 -0.37 1.82 12 

Entiat River Chinook -0.07 0.11 -0.20 0.24 24   0.01 0.23 -0.37 0.51 14 

 

Table 9. Estimates of the log BRT trend for steelhead populations (updated with "Sthd datasets 1_22_08 for dist.xls"). 
Estimates of standard error (SE) were obtained using bootstrapping. Synthetic data sets  were generated using run 
reconstruction information, age structure, and lag-1 autocorrelation in the log(R/S) observations. The log(BRT trend 
estimate) was generated by regressing log(natural spawners+1) against time and using the slope of the ordinary least 
squares regression line. "Nobs" represents the number of spawner observations used in the least squares estimation. The 
SEs were based on 1000 bootstrap replications. The confidence intervals were constructed for the log(BRT trend estimate) 
using bootstrapping.  

Population 1980-present     1990-present     

  Estimate SE Lower95 Upper95 Nobs   Estimate SE Lower95 Upper95 Nobs 

Average "A" run steelhead population 0.01 0.21 -0.34 0.48 19  0.08 0.28 -0.43 0.60 15 

Average "B" run steelhead population -0.04 0.09 -0.18 0.15 19   -0.01 0.13 -0.28 0.25 15 

Grande Ronde Upper Mainstem Steelhead -0.01 0.06 -0.07 0.18 27  0.01 0.03 -0.03 0.08 17 

Wallowa River Steelhead 0.02 0.09 -0.21 0.14 26  0.08 0.06 -0.13 0.10 16 

Joseph Creek Steelhead 0.01 0.13 -0.17 0.35 26  0.04 0.06 -0.04 0.18 16 

Imnaha River Steelhead (Camp Creek) 0.03 0.12 -0.12 0.35 26  0.05 0.10 -0.09 0.30 16 

John Day Lower Mainstem -0.02 0.18 -0.27 0.44 26  0.04 0.19 -0.23 0.50 16 

John Day North Fork -0.01 0.09 -0.10 0.27 26  0.09 0.04 0.10 0.24 16 

John Day Upper Mainstem -0.05 0.10 -0.17 0.24 26  -0.04 0.10 -0.19 0.20 16 

John Day Middle Fork -0.03 0.10 -0.12 0.26 26  -0.02 0.13 -0.20 0.32 16 

John Day South Fork -0.05 0.11 -0.18 0.25 26  0.01 0.17 -0.29 0.38 16 

Umatilla River Steelhead 0.01 0.06 -0.08 0.18 25  0.07 0.04 0.00 0.14 15 

Walla Walla River Steelhead -0.02 0.11 -0.15 0.29 12  -0.02 0.11 -0.17 0.26 12 
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Fifteenmile Steelhead 0.03 0.07 -0.07 0.19 21  0.08 0.06 0.01 0.25 16 

Deschutes Westside Steelhead -0.01 0.09 -0.12 0.23 26  0.09 0.09 -0.04 0.30 16 

Deschutes Eastside Steelhead 0.10 0.18 -0.22 0.51 16  0.10 0.18 -0.19 0.52 16 

Satus Creek Steelhead -0.02 0.08 -0.14 0.15 20  0.05 0.08 -0.07 0.22 15 

Toppenish Creek Steelhead 0.08 0.13 -0.14 0.38 20  0.19 0.11 0.02 0.46 15 

Naches River Steelhead 0.02 0.13 -0.22 0.29 20  0.10 0.11 -0.10 0.34 15 

Upper Yakima River Steelhead 0.00 0.12 -0.22 0.27 20  0.09 0.11 -0.08 0.32 15 

Upper Columbia Steelhead -- Wenatchee 
River 

0.04 0.14 -0.18 0.34 27  0.04 0.18 -0.26 0.41 17 

Upper Columbia Steelhead -- Methow River 0.06 0.07 0.02 0.28 27  0.05 0.11 -0.13 0.30 17 

Upper Columbia Steelhead -- Entiat River 0.04 0.07 0.01 0.27 27  0.05 0.07 -0.02 0.23 17 

Upper Columbia Steelhead -- Okanogan 
River 

0.03 0.09 -0.09 0.26 27   0.05 0.12 -0.18 0.31 17 
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Table 10. Estimates of the log BRT trend for Snake River fall chinook (updated with "Chinook datasets 
11_14_07.xls")  Estimates of standard error (SE) were obtained using bootstrapping. Synthetic data sets  
were generated using run reconstruction information, age structure, and lag-1 autocorrelation in the log(R/S) 
observations. The log(BRT trend estimate) was generated by regressing log(natural spawners+1) against 
time and using the slope of the ordinary least squares regression line. "Nobs" represents the number of 
spawner observations used in the least squares estimation. The SEs were based on 1000 replications. The 
confidence intervals were constructed for the log(BRT trend estimate) using bootstrapping.  

  1980-present   1990-present 

Population Estimate SE Lower95 Upper95 Nobs   Estimate SE Lower95 Upper95 Nobs 

Snake River Fall Chinook 0.09 0.08 0.01 0.31 26   0.21 0.10 0.08 0.47 16 
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Table 11. Spring/summer chinook estimates of mean log(R/S) using spawner-recruit  (updated with "Chinook datasets 11_14_07 for 
dist.xls"). Most recently available 20 years of data were used. Observations with fewer than 6 spawners were omitted. "Estimate" 
represents the mean log(R/S). "Boot SE" represents the bootstrap standard error, which takes serial dependence into account.  The 
lower and upper limits of the bootstrap confidence interval are given by "Lower95" and "Upper95", respectively (1000 bootstrap 
replications used). Bootstrapping was accomplished using a parametric bootstrap procedure where residuals followed an AR(1) 
process. "Beta2" represents the variance of the error term in the AR(1) model, while "auto" represents the autoregressive parameter. 
"n" represents the number of observations used in the estimation. Spawner and recruitment estimates exclude jacks. 

Population Estimate Boot SE Lower95 Upper95 Beta2 auto n 

Tucannon Spring Chinook -0.33 0.45 -1.18 0.61 0.72 0.59 20 

Lostine River Chinook -0.33 0.64 -1.57 0.87 1.22 0.63 20 

Grande Ronde Upper Mainstem Chinook -1.13 0.39 -1.91 -0.36 1.80 0.20 18 

Catherine Creek Chinook -0.83 0.88 -2.71 0.88 1.31 0.73 20 

Imnaha River Chinook -0.53 0.46 -1.44 0.33 0.54 0.66 20 

Minam River Chinook -0.22 0.58 -1.40 0.91 1.11 0.63 20 

Wenaha River Chinook -0.41 0.55 -1.52 0.63 0.93 0.62 20 

South Fork Salmon Mainstem -0.15 0.33 -0.77 0.51 0.79 0.44 20 

Secesh River Chinook 0.18 0.39 -0.60 0.91 0.65 0.57 20 

South Fork Salmon East Fork (inc Johnson Cr.) -0.03 0.29 -0.59 0.55 0.78 0.35 20 

Big Creek Chinook 0.19 0.91 -1.57 2.05 0.78 0.80 19 

Bear Valley Creek 0.30 0.52 -0.71 1.35 1.06 0.57 20 

Camas Creek Chinook -0.10 0.60 -1.28 1.05 2.36 0.43 18 

Loon Creek Chinook 0.11 0.54 -0.96 1.17 2.47 0.29 16 

Marsh Creek Chinook -0.05 0.69 -1.39 1.25 1.42 0.61 19 

Sulphur Creek -0.03 0.68 -1.30 1.28 2.50 0.47 17 

Chamberlain Creek Chinook 0.28 1.59 -2.93 3.45 0.99 0.86 9 

Pahsimeroi Chinook -0.68 1.13 -2.96 1.46 1.28 0.78 15 

Lemhi River Chinook 0.07 0.56 -0.97 1.22 1.23 0.58 20 

Valley Creek Chinook 0.20 0.56 -0.87 1.27 1.47 0.52 19 

Yankee Fork Salmon River -0.50 0.96 -2.21 1.43 1.16 0.74 14 
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Lower Mainstem Salmon River (SRLMA) 0.19 0.63 -1.03 1.43 0.63 0.74 20 

Upper Salmon East Fork Chinook 0.06 0.99 -1.91 1.98 1.09 0.79 20 

Upper Mainstem Salmon River (SRUMA) 0.41 0.69 -0.88 1.80 1.31 0.64 20 

Wenatchee River Chinook -0.29 0.69 -1.60 1.10 0.60 0.78 20 

Methow River Chinook -0.39 0.56 -1.44 0.73 1.20 0.57 19 

Entiat River Chinook -0.33 0.44 -1.13 0.60 0.56 0.64 20 

 

Table 12. Steelhead estimates of mean log(R/S) using spawner-recruit (updated with "Sthd datasets 1_22_08 for dist.xls"). Most 
recently available 20 years of data were used.  "Estimate" represents the mean log(R/S)  "Boot SE" represents the bootstrap standard 
error, which takes serial dependence into account.  The lower and upper limits of the bootstrap confidence interval are given by 
"Lower95" and "Upper95", respectively.  1000 bootstrap replications were used for the confidence intervals and probability estimation. 
Bootstrapping was accomplished using a parametric bootstrap procedure where residuals followed an AR(1) process. "Beta2" 
represents the variance of the error term in the AR(1) model, while "auto" represents the autoregressive parameter. "n" represents the 
number of observations used in the estimation.  

Population Estimate Boot SE Lower95 Upper95 Beta2 auto n 

Average "A" run steelhead population 0.08 0.97 -1.75 2.00 0.58 0.82 13 

Average "B" run steelhead population -0.22 0.39 -1.00 0.55 0.49 0.54 13 

Grande Ronde Upper Mainstem Steelhead -0.08 0.31 -0.68 0.53 0.69 0.42 20 

Wallowa River Steelhead 0.15 0.32 -0.47 0.77 0.38 0.60 20 

Joseph Creek Steelhead 0.23 0.54 -0.87 1.24 0.48 0.74 20 

Imnaha River Steelhead (Camp Creek) 0.37 0.51 -0.62 1.34 0.64 0.67 20 

John Day Lower Mainstem 0.35 0.74 -1.08 1.80 0.73 0.76 20 

John Day North Fork 0.16 0.42 -0.74 0.92 0.71 0.55 20 

John Day Upper Mainstem 0.06 0.48 -0.90 0.95 0.54 0.69 20 

John Day Middle Fork 0.16 0.45 -0.68 1.01 0.43 0.70 20 

John Day South Fork -0.01 0.53 -1.05 1.06 0.68 0.68 20 

Umatilla River Steelhead -0.06 0.28 -0.60 0.48 0.27 0.60 20 

Walla Walla River Steelhead 0.16 0.44 -0.69 1.01 0.29 0.62 8 
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Fifteenmile Steelhead 0.16 0.29 -0.37 0.72 0.40 0.44 15 

Deschutes Westside Steelhead -0.09 0.37 -0.76 0.66 0.34 0.67 20 

Deschutes Eastside Steelhead 0.19 0.78 -1.34 1.79 0.22 0.87 10 

Satus Creek Steelhead -0.15 0.32 -0.80 0.48 0.34 0.57 15 

Toppenish Creek Steelhead 0.38 0.62 -0.86 1.66 0.51 0.73 15 

Naches River Steelhead 0.02 0.58 -1.09 1.14 0.19 0.85 15 

Upper Yakima River Steelhead 0.02 0.59 -1.13 1.15 0.19 0.85 15 

Upper Columbia Steelhead -- Wenatchee River -1.05 0.68 -2.38 0.28 0.43 0.81 20 

Upper Columbia Steelhead -- Methow River -1.54 0.35 -2.21 -0.85 0.52 0.58 20 

Upper Columbia Steelhead -- Entiat River -0.66 0.31 -1.24 -0.04 0.57 0.47 20 

Upper Columbia Steelhead -- Okanogan River -2.54 0.45 -3.37 -1.70 0.46 0.67 20 

 

Table 13. Fall chinook estimates of mean log(R/S) using spawner-recruit (updated with "Chinook datasets 11_14_07 for dist.xls") . 
Most recently available 20 years of data were used.  "Estimate" represents the mean log(R/S).  "Boot SE" represents the bootstrap 
standard error, which takes serial dependence into account.  The lower and upper limits of the bootstrap confidence interval are given 
by "Lower95" and "Upper95", respectively.   1000 bootstrap replications were used for the confidence intervals and probability 
estimation. Bootstrapping was accomplished using a parametric bootstrap procedure where residuals followed an AR(1) process. 
"Beta2" represents the variance of the error term in the AR(1) model, while "auto" represents the autoregressive parameter. "n" 
represents the number of observations used in the estimation.  

Population Estimate Boot SE Lower95 Upper95 Beta2 auto n 

Snake River Fall Chinook -0.23 0.30 -0.80 0.38 0.55 0.46 20 
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Executive Summary 

There has been a growing reliance on hatcheries to sustain tribal, public and commercial 
fishing opportunity, and more recently, to help conserve Pacific salmon as the capacity of 
natural habitat to produce fish has been eroded.  In the course of providing these benefits, 
there also is the potential for hatchery programs to increase the extinction risk and 
threaten the long-term viability of natural populations.  In this paper we review key 
factors for assessing the benefits and risks of hatchery programs relative to the 
conservation of Pacific salmon and to Indian Treaty and sustainable fishery mandates. 
These key factors include: (1) population viability status and recovery goals, (2) the 
conservation of genetic resources, (3) hatchery effects on population viability, (4) 
research monitoring and evaluation, (5) hatchery effects on density-dependent processes, 
(6) hatchery weirs, and (7) compensation for impacts to Indian treaty, public, commercial 
and international fisheries.  Impacts to habitat and corresponding reductions in production 
capacity and fish survival can prevent salmon and steelhead from achieving viability and 
from supporting sustainable fishery mandates.  Hatchery programs will have a prominent 
role to play until degraded and blocked habitats are rehabilitated and restored. We 
recommend a strategy and supportive hatchery practices to serve harvest goals and a 
strategy and practices to serve salmon and steelhead conservation objectives. We 
conclude that hatchery programs can provide benefits for both sustainable fisheries and 
conservation purposes, with acceptable collateral risks, when the program is designed and 
operated based on a clear and feasible objective.  The National Marine Fisheries Service 
(NMFS) will use this paper to help guide Endangered Species Act (ESA) and National 
Environmental Policy Act (NEPA) determinations, ESA recovery planning, and funding 
allocation decisions as they relate to the artificial propagation of Pacific salmon.     
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1. Definitions 

Abundance:  An indicator or measure of how Pacific salmon are sustaining themselves without 
human intervention (i.e., separate from and not including any hatchery propagation 
subsidy).  Abundance is natural-origin fish from either naturally spawning natural-origin 
fish or from naturally spawning hatchery-origin fish included in a salmon Evolutionarily 
Significant Unit (ESU) or steelhead DPS. 

 
Allee Effects: Is the difficulty finding mates at low population or spawning aggregate 

abundance. 
 
Captive Broodstock Hatchery Program:   A supplementation program that first retains fish for 

their entire life-cycle before out-planting progeny (juveniles or adults) for reintroduction 
or supplementation purposes. 

 
Compensation Hatchery Program:  Hatchery programs designed to make up for or compensate 

for reductions in adult returns due to reduced habitat productivity (i.e., for degraded 
habitats and for habitat taken out of production and no longer  accessible to Pacific 
salmon).  They do not operate to conserve or improve Pacific salmon viability with two 
exceptions.  First, Compensation Programs that use fish included in an ESU for 
broodstock, and that produce fish that mimic life history characteristics of the local 
natural population, can serve as a gene reserve in the event that fish are needed for 
conservation purposes.  Second, either naturally spawning fish or carcasses from 
compensation hatchery programs can add important nutrients to streams and, thus, 
contribute to productivity.      

 
Conservation:  The act of preserving, increasing or restoring Pacific salmon viability.  Under 

the Federal Endangered Species Act, “conservation” is defined as “the use of all methods 
and procedures which are necessary to bring any endangered species or threatened 
species to the point at which the measures provided pursuant to this Act are no longer 
necessary.  Such methods and procedures include, but are not limited to, all activities 
associated with scientific resources management such as research, census, law 
enforcement, habitat acquisition and maintenance, propagation, live trapping, and 
transplantation, and, in the extraordinary case where population pressures within a given 
ecosystem cannot be otherwise relieved, may include regulated taking” (ESA Sec. 3(3)) 
(emphasis added).  

 
Conservation Hatchery Program:  Programs designed to work together with habitat still 

capable of producing fish or in conjunction with initiatives to restore habitat productivity.  
Conservation Propagation programs are designed and operated to protect and promote 
Pacific salmon viability.  Conservation programs follow practices that promote 
population dynamics and that promote survival under local environmental conditions.  
Conservation programs purposely seed habitats capable of producing fish or attempt to 
preserve populations until habitat productivity is restored.  Conservation programs 
include reintroduction, supplementation, and captive broodstock programs     
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Delisting:  Removing a species or Distinct Population Segment (DPS) from the list of threatened 
and endangered species after concluding that the measures provided pursuant to the ESA 
are no longer necessary and that the species or DPS is not likely to become endangered 
(the definition of a threatened species) within the foreseeable future throughout all or a 
significant portion of its range. 

 
Demographic Stochasticity: A natural tendency for salmon and steelhead populations at low 

abundance to be highly variable and possibly going to zero. 
     
Distinct Population Segment:  Under the ESA, the term “species” includes any subspecies of 

fish or wildlife or plants, and any “distinct population segment” of any species or 
vertebrate fish or wildlife which interbreeds when mature (ESA Sec. 3(15)).  The ESA 
thus considers a “distinct population segment” of vertebrates to be a “species”.  It does 
not however establish how distinctness should be determined.  Under NMFS policy 
(NMFS 1991 II), for Pacific salmon, a population or group of populations will be 
considered a DPS if it represents an evolutionarily significant unit (ESU) of the 
biological species.  

 
Educational Propagation Program:  Programs designed and operated to inform and educate 

the public, and to provide opportunities for the public to participate in propagation 
initiatives.  

 
Evolutionarily Significant Unit (ESU):  For Chinook, coho, chum, sockeye, and pink salmon, a 

population or group of populations that is considered distinct because 1) they are 
substantially reproductively isolated from other con-specific groups and because 2) they 
represent an important component in the evolutionary legacy of the biological species.  
An ESU qualifies as a “species” under the Federal Endangered Species Act.   

 
Experimental population:  Any population, including eggs, propagules, or individuals of an 

endangered species or a threatened species authorized by the Secretaries (of Interior or 
Commerce depending on the species) for release outside the current range of such species 
if the Secretary determines that such release will further the conservation of such species 
(ESA section 10(j)). 

 
Extant population:  Existing populations of Pacific salmon. 
 
Genetic Resources:  The combination of natural-origin fish (NOF) and hatchery-origin fish 

(HOF) included in an ESU or steelhead DPS.  
 
Hatchery:  A facility that supports one or more hatchery programs.  
 
Hatchery-Origin fish (HOF):  Salmon or steelhead from parents (i.e., from either HOF or NOF 

parents) that were selected for broodstock and spawned artificially. 
 
Hatchery Program:  A group of fish that is handled separately and may have different 

spawning, rearing, marking and release strategies. The operation and management of 
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every hatchery program is unique in time, and specific to an identifiable stock and its 
native habitat (Flagg et al. 2004).   

 
Hatchery Reform:  Changes or improvements in practices to accomplish goals for the hatchery 

program.  
   
Independent Population:  Populations that are substantially reproductively isolated from other 

conspecific fish and that have population dynamics that are substantially independent 
from other groups. The exact level of reproductive isolation that is required for a 
population to have substantially independent dynamics is not well understood, but 
available scientific information indicates that substantial independence will occur when 
the proportion of a population that consists of migrants or non local fish is less than 10%. 

 
Intrinsic Productivity:  Intrinsic productivity is recruit to spawner (R/S) productivity when 

spawner abundance is low.  R/S usually is calculated as an average productivity for all 
brood cycles during some specified time period. Intrinsic productivity however, considers 
a subset of those brood cycles with the lowest parental spawner abundance. Intrinsic 
productivity is an indication of resilience and the potential for a population to bounce-
back and recover after periods of low abundance. Intrinsic productivity is expected to be 
higher than 1.0 because there should be little or no negative effect of density dependence 
when spawner abundance is low.   

 
Integrated Hatchery Strategy:  HOF are intended to be as similar as possible to local NOF.  

Processes that drive adaptation and fitness in the natural environment must dominate 
hatchery selection effects.  The larger the ratio of NOF in the hatchery broodstock/ HOF 
spawning naturally + NOF in the hatchery broodstock, the greater the influence of the 
natural environment relative to the hatchery environment on selection. This ratio must 
exceed 0.5 in order for the natural environment to dominate or drive selection.   

 
Integrated Fisheries Program:  HOF are for harvest and are not intended to spawn naturally.  

HOF may also serve as a source of genetic resources to initiate a conservation program. 
 
Lambda:  Estimates trends in the abundance of natural spawners and counts hatchery-origin fish 

as both parental stock and recruits.  Lambda does not help determine the ability of a 
population to sustain itself and grow in the absence of hatchery fish that subsidize natural 
spawning.  

 
Limiting Factor:  Any factor (anthropogenic or natural) that, by itself or in combination with 

other factors, slows or prevents anadromous salmonid population viability from 
improving. 

  
Isolated Hatchery Strategy:  HOF are intended to be dissimilar relative to local NOF and 

interactions between HOF and NOF are avoided (i.e., HOF are isolated from NOF).  NOF 
are not used for hatchery broodstock and HOF are for harvest and not intended to spawn 
naturally. 
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Mitigation:  In-kind replacement of what is lost or degraded.  Impacts to habitat function (e.g., 
reduced habitat productivity) are mitigated by replacing or improving habitat function.  
Hatchery propagation can act as compensation, but it cannot mitigate for lost or degraded 
habitat.     

 
Natural-Origin Fish (NOF):  Fish originating from naturally spawning parents.  This includes 

fish from naturally spawning natural-origin parents and fish from naturally spawning 
hatchery-origin parents. 

 
Pacific Salmon:  Any of the six species of the genus Oncorhynchus including O. gorbuscha 

(pink salmon), O. keta (chum salmon), O. kisutch (coho salmon), O. nerka (sockeye 
salmon), O. tshawytscha (Chinook salmon), and the anadromous form of O. mykiss 
(steelhead). 

 
Proportion of Natural Influence (PNI):  A measure of geneflow between hatchery-origin and 

natural origin fish.  PNI is calculated as the percent natural-origin fish in the hatchery 
broodstock divided by the proportion of natural spawners comprised of hatchery-origin 
fish plus the percent natural-origin fish in the hatchery broodstock.  Natural influence 
decreases and PNI approaches zero as the proportion of natural spawners comprised of 
hatchery-origin fish increases and as the proportion of hatchery broodstock comprised of 
natural-origin fish decreases.  

 
Recovery:  See the definition for delisting. For these purposes, Recovery occurs when an ESU 

or Steelhead DPS is determined to have improved such that it is not likely to become an 
endangered species within the foreseeable future, throughout all or a significant portion 
of its range, and is no longer in need of protection under the Endangered Species Act.  

 
Returns or Recruits-per-Spawner (R/S): is a measure of whether a salmon or steelhead 

population is maintaining itself, declining, or growing.  If 100 spawners produce 100 
progeny that survive to maturity and successfully spawn, the R/S =1.0 and the population 
is maintaining or replacing itself.  When R/S < 1.0, the population is declining. 

 
Research Hatchery Programs:  Programs designed to provide scientific information on the 

operation and performance of artificial propagation. 
 
Returns:  Pacific salmon returning to freshwater to reproduce.  
 
Steelhead Distinct Population Segment (DPS):  A group that is discrete from other groups and 

is significant to its taxon (species or subspecies).  A group is discrete if it is markedly 
separated from other groups of the same taxon as a consequence of physical, 
physiological, ecological, and behavioral factors.  Significance is measured with respect 
to the taxon as opposed to the full species. 

 
Supplementation Hatchery Program:  Fish from supplementation programs are intended to 

spawn naturally.  Supplementation programs include captive broodstock, egg-box, and 
juvenile release programs.  Supplementation programs can preserve genetic resources and 
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they can increase the number and distribution of natural spawners.  Returns from 
supplementation programs that are surplus to conservation needs are available for other 
purposes (e.g., human consumption, stream fertilization, harvest, etc.).  

 
2. Background 

The origins and evolution of artificial propagation for Pacific salmon provides important context for 
analyzing the benefits and risks of hatchery programs.  From their origin more than one hundred years 
ago, hatchery programs have been tasked to compensate for factors that limit anadromous salmonid 
viability.   
 
The first hatcheries, beginning in the late 19th century provided additional fish for harvest purposes on 
top of large relatively healthy salmon and steelhead populations.  It wasn’t long before the role of 
hatcheries shifted to replacing losses in fish production attributable to water development and land use 
practices that blocked access to important production areas or that degraded habitat and reduced 
salmon and steelhead survival.  Hatchery programs were tasked to maintain returns of adult salmon 
and steelhead, usually for cultural, social or economic purposes, because the capacity of habitat to 
produce salmon and steelhead was reduced.  In the Columbia Basin for example, as development 
proceeded (e.g., construction of the Federal Columbia River Power System (FCRPS) between 1939 
and 1975) and the capacity for the basin to produce fish declined, hatchery production increased.  
National Fish Hatcheries were constructed in the upper Columbia after federal dams blocked access to 
approximately 50 percent of the production area for the Upper Columbia spring Chinook salmon 
Evolutionarily Significant Unit (ESU) and the Upper Columbia steelhead Distinct Population 
Segment (DPS).  In the Snake River, the Columbia’s largest tributary, hatchery programs were 
expected to replace losses of fall Chinook salmon from inundation of their spawning habitat and from 
reduced survival during their migration to and from the ocean because of the four federal dams on the 
Lower Snake River.  The scope and level of hatchery production increased greatly during this period 
as impacts from development and the requirement to compensate for those impacts increased.  
 
A new role for hatcheries emerged during the 1980s and 1990s after salmon and steelhead populations 
declined to unprecedented low levels. Hatchery programs were still expected to compensate for 
impacts to tribal, public, and commercial fisheries, but they also became a tool to conserve genetic 
resources, and in some cases, to help improve viability as the factors limiting viability are addressed.  
Some hatchery programs changed their goals and practices and whole new programs were 
implemented, including substantial new research to assess the efficacy of artificial propagation as a 
tool to promote conservation.  The role of individual hatchery programs in two areas of the Columbia 
Basin is illustrated in Figure 1.  Today, because nearly 90 percent of the Chinook salmon and 
steelhead habitat originally available in the Columbia Basin has been lost or degraded (Brannon et al. 
2002), fish produced by hatcheries comprise the vast majority of the annual returns to the basin 
(CBFWA 1990).  Annual returns of salmon and steelhead would be reduced by up to ninety percent 
and there would be little or no tribal, public or commercial fishing opportunity without hatcheries.   
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Genetic resources that represent the ecological and genetic diversity of a species can reside in fish 
spawned in a hatchery as well as in fish spawned in the wild (NMFS 1991b; Hard et al. 1992).  
Natural production has been in decline for over a century and now the vast majority of returning adult 
salmon and steelhead are hatchery fish.  For a list of hatchery fish included in salmon ESUs and 
steelhead DPSs, see NMFS (2003).  Hatchery programs also can be used as a proactive tool to 
conserve the genetic resources of depressed natural populations and to reduce short-term extinction 
risk.  Hatchery programs can preserve the raw materials (i.e., genetic resources) that ESU and 
steelhead DPS conservation depends on and buy time until the factors limiting salmon and steelhead 
viability are addressed.  In this role, hatchery programs can reduce the risk of extirpation, and thereby 
mitigate the immediacy of an ESU’s extinction risk.  In absence of hatchery programs like this, 
genetic resources important to ESU or steelhead DPS survival and recovery would disappear at an 
accelerated rate or be lost altogether. Hatchery programs that only conserve genetic resources however 
“do not substantially reduce the extinction risk of the ESU in the foreseeable future” or long-term (70 
FR 37160; June 28, 2005).  Furthermore, hatchery programs that conserve vital genetic resources are 
not without risk because the manner in which these programs are implemented can have significant 
impacts on the genetic structure and evolutionary trajectory of the target population by reducing 
population or ESU/DPS-level variability and patterns of local adaptation (ICTRT 2007).  In fact, when 
hatchery programs are relied upon to conserve genetic resources and reduce short-term extinction risk, 
there likely is a trade-off between reducing short-term extinction risk and potentially increasing long-
term genetic risk.   
 
Population viability and reductions in threats are key measures of salmon and steelhead status relative 
to recovery.  Beside their role in conserving genetic resources, hatchery programs also are a tool that 
can be used to help improve viability (i.e., hatchery supplementation). In general, these hatchery 
programs increase the number and spatial distribution of naturally spawning fish (i.e., F1 hatchery-
origin fish).  They are not however a proven technology for achieving sustained increases in adult 
production (NRC 1996), and the long-term benefits and risks of hatchery supplementation remain 
untested (Araki et al. 2007a).  In the interim, it is important and necessary to follow a measured and 
well conceived application of hatchery supplementation as opposed to any widespread moratorium 
that could do more harm than good for fish.  For an overview of the pros and cons/benefits and risks 
from existing hatchery operations see NMFS 2004a, NMFS 2006b and Hatchery Effects Appendix. 
 
Hatchery actions designed to benefit salmon and steelhead viability sometimes produce only limited 
positive results. One potential reason for this is that other factors (i.e., limiting factors and threats) can 
offset or out-weigh the benefits from hatchery actions. For example, in Puget Sound, eight Chinook 
salmon hatchery programs are specifically implemented to preserve native populations in their natal 
watersheds “where habitat needed to sustain the populations naturally at viable levels has been lost or 
degraded” (70 FR 37160; June 28, 2005).  These hatchery programs deserve credit for helping “to 
preserve remaining genetic diversity, and likely have prevented the loss of several populations” (70 
FR 37160; June 28, 2005).  Until, however, the factors limiting Puget Sound Chinook salmon 
productivity are addressed, the full benefit (i.e., potential contributions to increased viability) of 
hatchery actions designed to benefit salmon viability may not be realized. Hatchery programs can 
serve an important conservation role when habitat conditions in freshwater depress juvenile survival 
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or when access to spawning and rearing habitat is blocked.  Under circumstances like these and in the 
short-term, the demographic risks of extinction likely exceed genetic and ecological risks to natural-
origin fish from hatchery supplementation. Benefits like this should be considered transitory or short-
term and do not contribute to survival rate changes necessary to meet ICTRT abundance and 
productivity viability criteria. Fixing the factors limiting viability is the key to improving viability.  
“The fitness of the naturally spawning population, its productivity, and the numbers of adult salmon 
returning to the watershed, ultimately must depend on the natural habitat, not on the output of the 
hatchery” (HSRG 2004).  Salmon and steelhead populations that rely on hatchery production are not 
viable (McElhany et al. 2000).   
 
In the course of providing these benefits, there also is the potential for hatchery programs to increase 
the extinction risk and threaten the long-term viability of natural populations.  For almost four hundred 
hatchery programs up and down the West Coast, NMFS 2004a evaluates benefits and risks at two 
levels: at the population level and at the ESU or DPS level.  For programs in the Interior Columbia 
(upstream from Bonneville Dam), the Hatchery Effects Appendix in the May 5, 2008 NMFS 
Biological Opinion for the Federal Columbia River Power System, with input provided by members 
of the Hatchery and Harvest Workgroup of the FCRPS collaboration; (1) summarized the major 
factors limiting salmon and steelhead recovery at the population scale, (2) provided an inventory of 
existing hatchery programs including their funding source(s) and the status of their regulatory 
compliance under the ESA and under the National Environmental Policy Act , (3) summarized the 
effects on salmon and steelhead viability from current hatchery operations, and (4) identified new 
opportunities or changes in hatchery programs likely to benefit population viability. As a follow-up to 
the Hatchery Effects Report, NMFS developed recommendations for determining hatchery effects, 
including an overview of hatchery programs in the upper Columbia and Snake River Basin and 
presented this paper to the Hatchery and Harvest Workgroup and to the Policy Workgroup in August 
of 2006.  NMFS received comments and made edits to this paper to provide updated 
recommendations for assessing benefits and risks as a result of operating hatchery programs (NMFS 
2007a. 
 
Increasing knowledge and experience is another important factor in the application of hatchery 
supplementation. Hatchery supplementation is an “experimental” technology.  It is relatively new and 
there is little data on long-term benefits and risks – study results for a single generation of Pacific 
salmon take a minimum of three to five years.  The good news is that new information is emerging 
from ongoing research and important new research will be implemented as a result of NMFSs 
Biological Opinions.  The reproductive fitness of hatchery fish and the effects of hatchery 
supplementation on population viability will be investigated for steelhead in the Methow River and for 
fall Chinook salmon in the Snake River.  NMFS intends that the information emerging from ongoing 
and new studies will shape future decisions over hatchery supplementation up and down the west 
coast. 
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Figure 1.  The role of hatchery programs in the upper Columbia and Snake River Basin.  For 
identification and a description of the hatchery programs referenced below, see Table 4. 
 
Hatchery programs are mitigation for factors limiting salmon and steelhead survival.  The nearly 
two hundred programs that operate in the Columbia Basin are mitigation for Federal and public 
and private utility projects and the funding level and funding source for these programs is 
provided in Table 1.  
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Table 1.  Estimated FY 2006 hatchery operation and maintenance funding for nearly 200 salmon 
and steelhead hatchery programs in the Columbia River Basin. 
 

Funding Source Annual Funding Level in 
millions of dollars 

Bonneville Power 
Administration 

$50.1 

Utilities $14.0 

National Marine Fisheries 
Service, Federal Mitchell 
Act  

$11.4 

Corps of Engineers  $5.1 

Bureau of Reclamation  $4.6 

Oregon  $1.3 

Federal Pacific Coast 
Salmon Restoration Fund 

$1.0 

Total $87.5 

  
3. Assessing the Benefits and Risks of Salmon and Steelhead 

Hatchery Programs 

It is important and necessary to better understand the effects of hatchery programs.  This paper 
offers a framework for determining the benefits and risks of existing hatchery programs and of 
alternative or proposed new hatchery actions.  Seven factors are described here for assessing the 
benefits and risks of hatchery programs. These factors include: (1) population viability status and 
recovery goals, (2) the conservation of genetic resources, (3) effects, positive and negative, on 
population viability, (4) research monitoring and evaluation, (5) hatchery effects on density-
dependent processes, (6) effects of hatchery weirs, and (7) compensation for impacts to Indian 
treaty, public, commercial and international fisheries.   

 
3.1 Status and Viability Goals 

3.1.1 Status of the Fish 

Status of the fish at the population, major population group, and ESU or steelhead DPS scales is 
an important factor or consideration in assessing the benefits and risks of hatchery programs.   

 
Status of the fish is determined by their level of viability and by threats to their survival.  
“Management actions ultimately need to be related to population and ESU viability” (McElhany 
et al. 2000).  In general, the greater the viability of a fish population and the greater the 
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protection from threats, the lesser the need and potential benefit of hatchery supplementation and 
the greater the risk tolerance of the fish to negative hatchery effects.  For example, a viable 
population is at less risk from hatchery fish straying than a population at low viability with 
respect to protecting productivity and diversity.  Conversely, direct hatchery supplementation 
confers fewer potential benefits to a population at high viability than to one at low viability.  

 
Increasing viability must also be accompanied by a decreasing level of threat for population 
status to improve.  This means that even as the viability of a population improves, continued 
hatchery supplementation may be important and beneficial until identified threats to a 
population’s continued existence are addressed.  For example, hatchery supplementation may be 
followed by only temporary increases in the abundance and spatial distribution of natural 
spawners and in the abundance of natural-origin fish unless known threats to the fish are 
alleviated.  Changing environmental conditions (e.g., cycles in ocean productivity) also may lead 
to temporary increases in viability.    

 
Hence, the level of viability and the level of threats are key components for assessing benefits 
and risks from existing and proposed new hatchery programs.  One potentially useful guideline 
might be that hatchery effects pose the greatest benefits and risks when natural populations are 
below their critical threshold for viability and self-sustainability compared to natural populations 
that exceed those critical thresholds.   

  
3.1.1 Viability Goals 

Another important factor in assessing the benefits and risks of hatchery programs is the viability 
goal for salmon and steelhead populations. Recovery Plans are one place to find viability goals 
and these goals are determined in cooperation with Technical Recovery Teams (TRT).  Viability 
goals are based on the importance of a population to ESU or steelhead DPS recovery and the 
viability goal for a population can range widely, from highly viable to maintaining minimum 
viability.  The importance of a population and its corresponding viability goal depends on several 
factors including the potential size and any unique characteristics of the population.  For 
example, larger populations in general stand a better chance of surviving or persisting during 
downturns in environmental conditions and unique life-history characteristics (e.g., populations 
including a summer-returning fish among populations where the spring-run characteristic 
dominates) decreases extinction risk by benefiting spatial distribution and diversity and acts to 
buffer a population against environmental variability.  Populations like these likely must achieve 
a higher level of viability for an ESU or DPS to achieve recovery.  Viability goal is a factor in a 
population’s tolerance for negative effects.  In general, the higher the viability goal, the lower 
tolerance to negative effects, including any risks posed by hatchery programs.  For example, 
there should be a lower tolerance for stray hatchery-origin fish spawning together with a 
population that has a high viability goal.  A higher level of hatchery strays could be acceptable 
for populations with a lower viability goal.  The viability goal is thus a critical consideration in 
assessing the level of benefits and the potential risks from one or more hatchery programs.  More 
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than half of the 52 ESUs and steelhead DPSs up and down the West Coast are protected under 
the ESA and viability goals can be found in completed Recovery Plans.   

 
3.2 Conservation of Genetic Resources  

Natural production has been in decline for over a century and now the vast majority of returning 
adult salmon and steelhead are hatchery fish.  Genetic resources that represent the ecological and 
genetic diversity of a species can reside in fish spawned in a hatchery as well as in fish spawned 
in the wild (NMFS 1991b; Hard et al. 1992).  For a list of hatchery fish included in salmon ESUs 
and steelhead DPSs, see NMFS 2004b. Hatchery programs also can be used as a proactive tool to 
conserve the genetic resources of depressed natural populations and reduce ESU and steelhead 
DPS extinction risk.  For example, in determining whether Lower Columbia River (LCR) coho 
salmon warranted listing under the ESA, NMFS concluded that “hatchery programs collectively 
mitigate the immediacy of extinction risk for the LCR coho ESU in-total in the short term”, and 
this is an important benefit that hatchery programs can provide. However, hatchery programs 
that only conserve genetic resources “do not substantially reduce the extinction risk of the ESU 
in the foreseeable future” or for the long-term (70 FR 37160; June 28, 2005).  “Hatcheries are 
not a proven technology for achieving sustained increases in adult production” (NRC 1996), and 
the long-term effects of hatchery supplementation remain untested (Araki et al 2007a).    

 
Hatchery programs preserve the raw materials (i.e., genetic resources) that ESU and steelhead 
DPS conservation depends on.  In the absence of hatchery programs like these, genetic resources 
important to ESU or steelhead DPS survival and recovery would disappear at an accelerated rate 
or be lost altogether.  This beneficial effect, however, should be considered transitory because 
increasing dependence on hatchery intervention results in decreasing benefits and increasing risk.  
In fact, when hatchery programs are relied upon to conserve genetic resources and reduce short-
term extinction risk, there likely is a trade-off between reducing short-term extinction risk and 
potentially increasing long-term genetic risk (ICTRT 2008).  Hatchery supplementation 
programs, including captive-broodstock or safety-net programs, or hatchery programs that also 
function as gene reserves, fit into this category.  In general, these hatchery programs can increase 
the number and spatial distribution of naturally spawning fish (i.e., F1 hatchery-origin fish), but, 
because they do not address the factors limiting viability (e.g., mainstem survival, habitat 
conditions, ocean productivity), increased population viability cannot be attributed to the 
program.  For example, hatchery programs can serve an important conservation role when 
habitat conditions in freshwater depress juvenile survival, or when access to spawning and 
rearing habitat is blocked.   
 
Hatchery actions designed to benefit salmon and steelhead viability sometimes produce only 
limited positive results.  One potential reason for this is that other factors (i.e., limiting factors 
and threats) can offset or out-weigh the benefits from hatchery actions.  For example, in Puget 
Sound, eight Chinook salmon hatchery programs are specifically implemented to preserve 
natural populations in their natal watersheds “where habitat needed to sustain the populations 
naturally has been lost or degraded” (70 FR 37160; June 28, 2005).  These hatchery programs 
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benefit conservation of an ESU or steelhead DPS and have helped “to preserve remaining genetic 
diversity, and likely have prevented the loss of several populations” (NMFS 2005 III).  Until 
however the factors limiting salmon and steelhead productivity are addressed, the full benefit 
(i.e., potential contributions to increased viability) of hatchery actions designed to benefit salmon 
and steelhead viability may not be realized.    

 
Hatchery programs can buy time until the factors limiting salmon and steelhead viability are 
addressed. “The fitness of the naturally spawning population, its productivity, and the numbers 
of adult salmon returning to the watershed, ultimately must depend on the natural habitat, not on 
the output of the hatchery” (HSRG 2004).  Without a hatchery program like this, genetic 
resources important to ESU or steelhead DPS survival and recovery would disappear at an 
accelerated rate or be lost altogether.  Under circumstances like these and in the short-term, the 
demographic risks of extinction exceed genetic and ecological risks from hatchery 
supplementation.  Benefits from this category of effects should be considered transitory or short-
term and do not contribute to survival rate changes necessary to meet ICTRT abundance and 
productivity viability criteria.    

 
3.3 Effects on Population Viability  

“The presence of well distributed self-sustaining natural populations that are ecologically and 
genetically diverse provides the most certain basis to determine that an ESU or steelhead DPS is 
not likely to become endangered in the Foreseeable future (i.e., whether a species is threatened or 
listing is not warranted)” (70 FR 37160; June 28, 2005).  NMFS includes hatchery fish in 
assessing an ESU’s status in the context of their contributions to conserving natural-self-
sustaining populations.   

 
The primary criteria for determining the viability of salmon and steelhead populations are 
described by McElhany et al. (2000).  These criteria are the abundance, productivity, spatial 
distribution and diversity of natural-origin fish (NOF).  Hatchery origin fish (HOF) can benefit 
or harm salmon and steelhead viability.  In determining the effects (positive or negative) of 
hatchery programs on salmon and steelhead viability, it is necessary then to determine their 
influence on these criteria.  It is also is important to recognize that a single hatchery effect can 
and often does influence multiple viability criteria.  For example, increases in NOF attributable 
to a hatchery program can benefit both abundance and spatial distribution while on the other 
hand, the removal of NOF for hatchery broodstock reduces abundance and can reduce 
productivity and spatial structure also. Ultimately, the number, nature and scale of hatchery 
programs must be consistent with the maintenance of naturally self-sustaining ESUs or steelhead 
DPSs.  “A population that depends upon naturally spawning HOF for its survival is not viable” 
(McElhany et al. 2000).  

 
The following guidance describes what to look for when assessing hatchery programs for their 
effects (i.e., benefits and risks) on parameters that determine salmon and steelhead population 
viability.    
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Abundance 

Abundance is the number of fish produced by natural processes that have spent their entire life 
cycle in nature (i.e., natural-origin fish).  This is often referred to as gravel-to-gravel survival or 
fish originating from naturally spawning parents that hatch from the gravel and that survive to 
spawn naturally themselves years later.  The effect of a hatchery program on salmon and 
steelhead abundance should be determined by: 

 
a. The proportion and number of natural-origin fish (NOF) removed from any population or 

spawning aggregate to provide hatchery broodstock (i.e., NOF that are taken into a 
hatchery instead of left to spawn naturally).  

b. The proportion and number of NOF killed or injured by hatchery facilities (e.g., hatchery 
water intakes) and handling effects. 

c. The reduction and loss of natural production caused by hatchery facilities that block, 
delay, or impede adult fish from returning to spawning areas (e.g., weirs, ladders or 
traps). 

d. Sustained increases in NOF (compared to a condition absent or previous to hatchery 
intervention) attributable to successful reproduction of hatchery-origin fish intended to 
spawn naturally (i.e., hatchery supplementation).  Eggs and juveniles released into 
streams and adult returns from these releases, serve to seed freshwater spawning and 
rearing areas.  These naturally spawning hatchery-origin fish may reproduce successfully 
under natural conditions to increase the abundance of natural-origin juveniles and 
returning adults.  Ultimately, the survival and natural reproductive success of natural-
origin progeny (i.e., the progeny of naturally spawning parents, whether of natural-origin 
or hatchery-origin) determine the overall viability of any supplemented population.  

e. The injury or mortality (i.e., from catch and release or from retention) of NOF or HOF 
intended to spawn naturally from fisheries targeting surplus HOF. 
 

Productivity  

Productivity, as a measure of salmon and steelhead viability for ESA purposes, is the adult-
replacement rate of natural-origin fish spawning naturally.   It is usually quantified or described 
by the ratio (R/S) or the number of adult-offspring recruits (R) per adult-parent spawners (S) of 
the previous generation.  It is a measure that directly relates to the potential ability for a 
population or spawning aggregate to be self-sustaining.  For example, the productivity measure 
used by the Interior Columbia Technical Recovery Team (ICTRT) is expressed in terms of 
recruits per spawner or the rate at which natural spawning adults in one generation are replaced 
by natural-origin natural spawning adults in the next generation.  This measure of life-cycle 
productivity is affected by mortality and survival at all life stages combined.  Consequently, 
there are only five situations where hatchery-origin fish spawning naturally can increase 
productivity: (1) if productivity is limited by the number of natural spawners (e.g., fish have 
difficulty finding mates or experience “Allee effects”), (2) the natural population has undergone 
inbreeding depression due to multiple generations of very low abundances (e.g., less than 20 
spawning pairs per year for more than two generations) and the hatchery-origin fish are not of 
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that same inbred stock, (3) habitat is being re-colonized via reintroductions using hatchery-origin 
fish, (4) HOF carcasses increase nutrients in spawning and rearing areas, and (5) naturally 
spawning HOF “clean” (i.e., reduction in fine sediments) spawning gravels.  The effect of a 
hatchery program on salmon and steelhead productivity should be determined by: 

 
a. The natural reproductive success of HOF spawning naturally relative to NOF spawning 

naturally.  
b. The productivity of natural-origin progeny, otherwise referred to as fitness, derived 

from naturally spawning HOF (i.e., the life-cycle survival or replacement rate of 
progeny of naturally spawning HOF) relative to naturally spawning NOF. 

c. The life history characteristics of naturally spawning HOF compared to naturally 
spawned NOF (e.g., age-of-return, size-at-return, spawn timing, fecundity, etc.). 

d. In addition to a-c, the Proportion of Natural Influence (PNI) for hatchery programs that 
supplement natural spawning aggregates or populations of salmon and steelhead. 

e. Competition for food or habitat between NOF and released HOF (i.e., density-dependent 
mechanisms). 

f. Maintenance of within-population substructure (e.g., multiple spawning aggregates). 
g. Whether hatchery facilities (e.g., weirs, ladders, diversions) affect escapement back to 

the area of origin, rates of natural straying, or dispersal of fish (adults and juveniles) into 
under-used habitats, especially when adult returns are large.    

h. Competition for prime spawning areas and redd superimposition (another density-
dependent mechanism, e.g., if large numbers of hatchery-origin adults with lower 
reproductive success displace natural-origin spawners). 

i. Predation on juvenile NOF by released HOF. 
j. Interbreeding between HOF and NOF that reduces reproductive genetic fitness of 

natural-origin adult recruits relative to the progeny of NOF only. 
k. HOF nutrient contribution to freshwater rearing areas. 
l. Changes in intrinsic productivity. 
 
Spatial structure  

Spatial structure is the range or distribution of NOF.  Any viability evaluation must consider 
spatial structure within a population (or group of populations) because spatial structure affects 
extinction risk (McElhany et al. 2000).  In general, HOF can increase spatial structure only when 
NOF (i.e., the progeny of naturally spawning hatchery-origin fish) expand their distribution and 
recolonize former range. The effect of hatchery programs on salmon and steelhead spatial 
structure should be determined by: 

 
a. Whether reintroductions using HOF assist in reestablishing viable salmon and steelhead 

populations within their former range. 
b. Whether hatchery supplementation slows any reduction in spatial structure. 
c. Whether hatchery facilities (i.e., weirs, ladders, diversions, etc.) affect escapement back 

to the area of origin, rates of natural straying, or dispersal of fish (adults and juveniles) 
into under-used habitats, especially when adult returns are large.    
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d. Competition for prime spawning areas and redd superimposition. 
e. Competition between HOF and NOF juveniles for rearing areas. 
f. Predation on juvenile NOF by HOF. 
g. Spawning between HOF and NOF that reduces reproductive genetic fitness and thereby 

reduces spatial structure via reduced abundance of natural-origin recruits in subsequent 
generations. (e.g., outbreeding depression). 

h. HOF nutrient contribution to freshwater rearing areas. 
 

Diversity 

Diversity refers to the distribution of traits within and among populations of salmon and 
steelhead.  These traits include anadromy, morphology, fecundity, run timing, spawn timing, 
juvenile behavior, age at smolting, age at maturity, egg size, developmental rate, ocean 
distribution patterns, physiology and molecular genetic characteristics.  Combinations of genetic 
and environmental factors largely cause phenotypic diversity.  Variation or diversity in these and 
other traits is important to viability because 1. it allows fish to take advantage of a wider array of 
environments, 2. it spreads the risk (e.g., different ocean distribution patterns mean not all fish 
are at risk from local or regional varying ocean conditions) and 3. genetic diversity allows fish to 
adapt to changing environmental conditions.  Hydropower, habitat, harvest, and hatchery factors 
can all affect diversity.  In the case of hatchery programs, gene flow and local adaptation 
strongly influence patterns of diversity within and among salmon and steelhead populations.  The 
effect of hatchery programs on salmon and steelhead diversity should be determined by: 

 
a. The origin of hatchery broodstock (i.e., the source relative to the affected natural 

population), the number of generations in captivity, and evidence of domestication 
selection. 

b. The similarity of HOF traits relative to NOF traits, relative survivals, and how the 
hatchery program affects effective population size.  

c. Gene flow of HOF into a natural population or spawning aggregate.  Natural rates of gene 
flow have helped salmon and steelhead to persist and adapt to local conditions.  For 
groups of salmon and steelhead determined important to recovery (i.e., for groups that 
must maintain at least viable status), the natural or background level of gene flow 
(including duration) between spawning aggregates, between populations, between 
Distinct Population Segments and between Evolutionarily Significant Units should be 
maintained. 

d. The extent to which a hatchery program preserves or builds salmon or steelhead genetic 
resources, including potential increases in life history diversity and the establishment of 
new, locally-adapted populations via habitat expansions and reintroductions.  
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3.4 Research, Monitoring and Evaluation 

The Hatchery Fish Fraction of Natural Spawners  

Valid estimates of the proportion of natural spawners comprised of HOF (i.e., the hatchery fish 
fraction of natural spawners) should be provided for individual spawning aggregates and 
populations. ESA authorization to operate a hatchery program and funding agreements should 
include a condition that valid hatchery fraction estimates must be calculated on an annual basis.  
 
“Valid estimates of natural productivity are impossible to obtain for supplemented populations in 
which the abundance of naturally-produced and hatchery produced fish on the spawning grounds are 
not estimated separately” (McElhany et al. 2000).  Average R/S provides the most realistic assessment 
of the likelihood that a population will trend toward recovery in the absence of continued hatchery 
programs (i.e., natural productivity).  This is because the metric considers only the survival of NOF. 
This metric also requires the most data for each population, since brood-year specific estimates of 
hatchery fraction and age structure are necessary.  For a number of populations, this requires 
assumptions and extrapolations from other populations or time periods.    
 
The Spatial and Temporal Distribution of Hatchery Spawners 

The spatial and temporal distribution of naturally spawning HOF must be monitored. 
Understanding to what extent HOF spawn at the optimal time and in preferred habitats and to 
what extent HOF interbreed with NOF is crucial to assessing the benefits and risks of hatchery 
programs.    
 
Hatchery Fish Fitness in Nature  

Valid estimates of HOF fitness in nature are needed to assess the benefits and risks of hatchery 
programs that produce fish that spawn with NOF.  
When HOF spawn naturally, “It is necessary to know or estimate the relative fitness of HOF 
compared to NOF in order to estimate natural productivity of the population” (Berejikian and 
Ford 2004).  In the 2000 Federal Columbia River Power System Biological Opinion, NMFS 
estimated productivity (lambda) twice for 152 salmon and steelhead populations assuming that 
HOF in general were either 20% or 80% as fit as NOF.  New information has become available 
since 2000, and it is now possible to assign HOF to fitness categories based on a common set of 
factors that studies show influence HOF fitness in the natural environment.  This allows better 
estimates of lambda for natural populations where hatchery and natural fish co-occur in 
spawning areas.  This is a new area of research and further studies are needed to improve the 
accuracy of hatchery fitness predictions including, replicate studies on other species subject to 
different hatchery practices and particularly on species with abbreviated freshwater life histories 
(e.g., ocean-type Chinook salmon).        
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Hatchery Affects on Density-Dependent Processes 

Evaluating the factors that influence or drive density dependent effects under different 
freshwater conditions (e.g., hydrosystem) and ocean conditions is an important area of future 
research. Information gaps need to be filled to help managers make cost-effective decisions that 
serve both conservation and sustainable fisheries mandates. The significance of hatchery effects 
on density-dependent mechanisms and natural populations is largely unknown and this hampers 
the ability to assess the return from prospective investments in hatchery reform or the effects of 
additional hatchery production. In this section, we summarize how to provide additional insights 
into the effects of HOF on Pacific salmon viability and identify future research needs that would 
help inform management decisions.  
 
Additional analyses incorporating more recent and broader ranging data from the Columbia 
River Basin may provide an example of how large-scale hatchery releases can affect natural 
populations through density-dependent mechanisms (Berejikian et al. 2007).  The numbers of 
HOF released in the Columbia River Basin has steadily declined from the peak year of 1982, so 
adding years in which fewer HOF were released will improve the ability to quantify hatchery 
effects.   
 
Tools that can be used to better understand potential effects on NOF growth and survival at each 
life stage and location in the life cycle are needed to help inform hatchery policy and 
management decisions and for recovery planning purposes in general.  A model that explores 
direct competition for food and habitat and indirect mechanisms such as changes in the foraging 
activity of predators could provide important guidance. The first step would be to model salmon 
size and growth rates as functions of the physical (e.g., temperature, light, flow/currents) and 
biological (i.e. biomass and community composition of the prey base) environments.  It would 
then be possible to estimate food demands to support natural fish relative to the supply.  Next, 
data on the size and composition of the predator community (fish, birds, marine mammals) 
would be used to model predation risk for salmon and steelhead as a function of their species and 
size.  Through “scenarios” that reflect various endpoints for hatchery release schedules, number 
of releases, and sizes of fish at the time of release, it would be possible to evaluate the (1) 
competitive effects of HOF with NOF for food, (2) effects of increased total prey biomass on 
predator foraging (including the possibility of predator “swamping”), and (3) the indirect effects 
of increased predator biomass on NOF due to increases in overall prey abundance (i.e. millions 
of hatchery smolts). 
 
At the local level, additional data is needed to determine which ESUs, steelhead DPSs and Major 
Population Groups are affected by hatchery releases, is the growth and survival of NOF affected 
by just local hatcheries, or by the summed magnitude of hatchery releases across a larger 
landscape, and is NOF survival affected by hatchery releases of conspecifics only, or also by 
releases of heterospecifics?  Studies that address these questions should incorporate important 
measures of ocean productivity (e.g., PDO, ENSO, spring transition date). 
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3.5 Hatchery Effects on Density-Dependent Processes 

Evidence of HOF effects on density-dependent processes in freshwater and marine environments 
is presently insufficient to guide policy on the appropriate scale of hatchery releases (Berejikian 
et al. 2007).  There is however, considerable interest and speculation over the issue of density-
dependent effects on natural populations.  For example, because of concerns for three salmon 
ESUs and one steelhead DPS, the Draft Snake River Salmon ESA Recovery Plan went so far as 
to propose a “limit on annual releases of anadromous fishes from Columbia Basin Hatcheries”.  
This proposal however was tempered by the acknowledgement that there is little definitive 
information available to directly address the effects of ecological factors on the survival and 
growth of fish from natural populations of Pacific salmon (NMFS 1995c).   
 
Pacific salmon at all abundance levels and at all life stages are subject to density-dependent 
processes. Many factors influence these processes including, changes in habitat quality and 
quantity, prey base, the abundance and distribution of predators, natural fluctuations in 
environmental conditions (e.g., summer stream flows and ocean productivity), and interactions 
among species and between natural and hatchery fish that depend on the same natural 
environments. The question is, how and to what extent do HOF, in combination with these and 
other factors, affect density-dependent processes and the growth and survival of NOF.  
 
There is increasing evidence of density-dependent effects on salmon and steelhead growth and 
survival but the underlying factor or factors (e.g., HOF) remain poorly understood.  For example, 
reduced growth and survival rates have been linked to high salmon abundance in the open ocean 
(e.g., Peterman 1984), but the role of HOF in reduced growth and survival rates remains 
unknown.  Ruggerone et al. (2003) concluded that growth and survival of Bristol Bay sockeye 
salmon was inversely related to Asian pink salmon abundance but the contribution of hatchery 
reared Asian pink salmon to reduced growth and survival of sockeye salmon is unknown.  
Evidence of competition was apparent over the 45-year period of study, but the effect was most 
pronounced when survival rates and abundance levels were high for both species.  Levin et al. 
(2001) tested the hypothesis that the sum of Chinook releases from Columbia Basin hatchery 
programs reduced the survival of natural-origin Chinook salmon from the Snake River Basin.  
The study concluded that releases of hatchery spring/summer Chinook salmon were not 
associated with natural-origin Chinook salmon survival, unless the data were divided post-hoc 
into years when the oyster condition index (a measure of near-shore ocean productivity; OCI) 
was low.  There was a significant negative correlation between numbers of hatchery 
spring/summer Chinook released and natural-origin Snake River Chinook survival during low 
OCI.  In contrast, Levin and Williams (2002) found no significant associations between the 
number of steelhead released from Snake River Basin hatchery programs and natural-origin 
Snake River steelhead regardless of ocean conditions (based on the El Niño-Southern 
Oscillation; ENSO).  Survival of steelhead and Chinook salmon were not correlated with ENSO.  
However, there was a negative association between the number of hatchery steelhead released 
and natural-origin Chinook salmon survival. One likely explanation for the effect on Chinook 
occurs via predation from Caspian Terns that are attracted to the Columbia River estuary and 
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feed on large aggregations of hatchery steelhead.  For Oregon coastal coho salmon, Nickelson 
(2003) found a negative relationship between the average number of hatchery releases and 
population productivity (as estimated by the Ricker “a” parameter).  The study did not determine 
how HOF reduced coho productivity but the author suggested that the likely effect occurs via 
predation, such that predators are attracted to large aggregations of hatchery coho and that NOF 
are thus more susceptible to piscivorous fish, birds, and mammals. 
 
Another consideration is that ocean conditions, including spatial and temporal variations in 
ocean productivity, affect interactions among species and between hatchery and natural-origin 
salmon and steelhead.  Ruggerone and Goetz (2004) suggested that abundant pink salmon 
protected hatchery Chinook salmon from predation during high ocean productivity but lead to 
competition-based mortality and reduced survival during poor ocean years.  Evaluating the 
factors that influence or drive density dependent effects under different freshwater (e.g., 
hydrosystem) conditions and ocean conditions is an important area of future research because it 
will help managers make cost-effective decisions that serve conservation and sustainable 
fisheries mandates. In section 3.4, we summarize how to provide additional insights into the 
effects of HOF on natural salmon growth and survival.   
 
Emerging data and analysis from ongoing studies is not going to be enough to guide decision-
making processes that have important social, legal and economic implications.  That’s because 
the significance of hatchery effects on density-dependent mechanisms and natural populations is 
still largely unknown. This unknown hampers the ability to assess the return from potential 
investments in hatchery reform or the effects of additional hatchery production.  There are 
practices that hatcheries can and should implement in the mean time to reduce potential affects 
on density-dependent mechanisms and corresponding threats to salmon and steelhead growth and 
survival.  Hatchery programs that intend to supplement natural populations should: 
 
1. monitor the accessibility, distribution, carrying capacity, and natural seeding level of 

spawning and rearing habitats in the area,  
2. control the quantity of egg box and pre-smolt juvenile releases so that natural and 

hatchery fish combined do not exceed rearing habitat carrying capacity, 
3. juvenile releases should mimic the size and condition of natural fish to avoid competitive 

advantages relative to natural fish,  
4. juvenile releases should mimic the size and condition of natural fish to reduce hatchery 

fish residualism, 
5. juvenile releases should mimic the size and condition of natural fish to reduce predation 

on natural or other hatchery fish,  
6. acclimate hatchery smolts to improve the homing fidelity of adult returns and limit 

straying,  
7. control HOF natural spawning to avoid superimposition of NOF spawning redds and to 

limit competitive interactions between the progeny of naturally spawning HOF and 
naturally spawning NOF, 
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8. control hatchery fish natural spawning so that rearing habitat carrying capacity is not 
exceeded, and  

9. ensure that hatchery operations and structures allow unobstructed passage and 
distribution of juvenile and adult salmon and steelhead and that properly functioning 
habitat conditions are not degraded.  

 
Practices that isolate or avoid interactions between HOF and NOF should be implemented for 
programs that produce fish exclusively for harvest purposes.  Such practices include: 
 
1. release fish at a size and condition factor that reduces residualism, 
2. releasing fish away from populations that are important to salmon and steelhead recovery, 
3. acclimate hatchery smolts to improve homing fidelity so that adult returns can be harvested 

and collected at hatchery facilities and so hatchery fish do not spawn naturally and 
produce offspring that compete with natural salmon and steelhead, 

4. release fish at a size and condition factor that leads to their prompt emigration to the ocean, 
and 

5. mark fish externally so they can be distinguished for harvest purposes and  collected for 
hatchery broodstock. 

 
3.6 Hatchery Weirs   

The proper design and operation of hatchery weirs, including the monitoring of potential risk 
factors, can appreciably reduce the risks they pose to Pacific Salmon (Hevlin and Rainey 1993; 
NMFS 2008). Weirs are a tool for broodstock collection and for removing adult hatchery fish or 
for maintaining the appropriate level of hatchery fish that spawn naturally (i.e., supplementation 
hatchery programs). They can also assist in determining and tracking the status of Pacific salmon 
populations or spawning aggregates and in research projects, including hatchery effectiveness 
studies.  These functions may be crucial to the operation of existing or prospective hatchery 
programs but weirs also pose risks that must be factored into design and implementation 
decisions.   
 
Risk factors from the physical presence of a weir or trap include: 
 

 Delaying upstream adult migration, 
 Causing the fish to reject the weir or fishway structure, thus inducing spawning 

downstream of the trap (displaced spawning), 
 Contributing to fallback of fish that have passed above the weir,  
 Injuring or killing fish when they attempt to jump the barrier (Hevlin and Rainey 1993, 

Spence et al 1996), and  
 Reducing the spatial distribution of juvenile salmon and steelhead seeking preferred 

habitats. 
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Potential risks from operating a weir or trap include:  
 

 Physically harming the fish during their capture and retention whether in the fish holding 
area within a weir or trap, or by the snagging, netting or seining methods used for certain 
programs; 

 Harming fish by holding them for long durations;  
 Physically harming fish during handling; and 
 Increasing their susceptibility to displacement downstream and predation, during the 

recovery period.  
 
Other Considerations include: 
 

 Aesthetic or visual effects, 
 Changes to stream hydrology in the vicinity,  
 Impacts to properly functioning habitat conditions, and 
 Costs to construct, maintain, and operate the weir. 

 
The installation and operation of weirs and traps are very dependent on water conditions at the 
trap site.  High flows can delay the installation of a weir or make a trap inoperable.  A weir or 
trap is usually operated in one of two modes.  Continuously – where up to 100 percent of the run 
is collected and those fish not needed for broodstock are released upstream to spawn naturally, or 
periodically – where the weir is operated for a number of days each week to collect broodstock 
and otherwise left opened to provide fish unimpeded passage for the rest of the week.  The mode 
of operation is established during the development of site-based broodstock collection protocols 
and can be adjusted based on in-season escapement estimates and environmental factors. 
 
The potential impacts of weir rejection, fallback and injury from the operation of a weir or trap 
can be minimized by allowing unimpeded passage for a period each week.  Trained hatchery 
personnel can reduce the impacts of weir or trap operation, by removing debris, preventing 
poaching and ensuring safe and proper facility operation.  Delay and handling stress may also be 
reduced by holding fish for the shortest time possible, less than 24 hours, and any fish not needed 
for broodstock should be allowed to recover quickly from handling and be immediately released 
upstream to spawn naturally.  However, it may be necessary to hold fish longer at the beginning 
and the end of the trapping season when the adult numbers are low. 
 
There are alternatives to using weirs and a preferred option should be selected based on site-
specific considerations. Beach seines, hook and line, gillnets and snorkeling are potential options 
for collecting hatchery broodstock and managing the escapement and natural spawning of HOF.  
All of these methods pose risks to NOF through injury, delaying their migration, changing their 
holding and spawning behavior, and increasing their susceptibility to predation and poaching.  
Some artificial production programs collect juveniles for their source of broodstock.  Programs 
can collect developing eggs or fry by hydraulically sampling redds or collected emerging 
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juvenile fish by capping redds (Shaklee et al. 1995; WDFW et al. 1995; Northwest Indian 
Fisheries Commission and WDFW 1998).  Seines, screw traps and hand nets can also be used to 
collect juveniles.  Each of these methods can adversely affect natural fish through handling or 
harming the juvenile fish that remain.  
 
3.7 Hatchery Compensation for Impacts on Indian Treaty, Public, and Commercial 
Fisheries 

Since time immemorial, the religion, economy and culture of Native Americans has depended on 
salmon and steelhead resources.  These fisheries were so important that the United States signed 
treaties with many of the sovereign tribes that explicitly preserved Indian fishing rights.  NMFS 
is committed to conserving salmon and steelhead in a manner that is fully consistent with the 
Government’s treaty obligations and Indian trust responsibilities.   
 
NOAA Fisheries’ mission statement includes a strategic objective to “manage and rebuild 
fisheries to population levels that will support economically viable and sustainable harvests”.  
The Policy for Conserving Species Listed or Proposed for Listing Under the ESA While 
Providing and Enhancing Recreational Fisheries Opportunities (NMFS and USFWS 1996), was 
jointly published by NMFS and the U.S. Fish and Wildlife Service on June 3, 1996.  This policy 
was issued pursuant to Presidential Executive Order 12962, issued on June 7, 1995.  That order 
requires Federal agencies, to the extent permitted by law, and where practicable and in 
cooperation with States and Tribes, to improve the quality, function, sustainable productivity, 
and distribution of aquatic resources for increased fishing opportunity.  Among other actions, the 
order requires all Federal agencies to aggressively work to promote compatibility and reduce 
conflict between administration of the ESA and the management of fisheries.   
 
Hatchery programs cannot restore habitat productivity but they are expected to compensate for 
impacts on cultural and economic values.  From California to Canada, the vast majority of 
fisheries, including tribal treaty fishing, now depend on hatchery fish.  In many places, hatchery 
fish are the only salmon or steelhead left to fish for and there would be little or no tribal or public 
fishing for salmon and steelhead without them.  This function that hatchery programs serve 
constitutes a high positive value and benefit.   

 
4. Operating Hatchery Programs Consistent with Conservation & 

Sustainable Fisheries Mandates 

Implementation of the appropriate hatchery strategy, supportive hatchery practices, and 
accompanying monitoring, evaluation and reform, can benefit conservation and fishing 
opportunities with limited risks to salmon and steelhead viability.  
 
There is no universal strategy or one-size-fits-all set of prescriptive “best management practices” 
that work well or can apply to all hatchery programs. Hatchery programs operate under a wide 
range of biological and environmental conditions and they are funded to serve different mandates 
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(e.g.., International and Native American treaty obligations), public laws (e.g., the Water 
Resources Development Act of 1986 that authorizes the Lower Snake River Compensation 
Plan), and legal requirements (e.g., Federal Energy Regulatory Commission license agreements).  
The operation and management of every hatchery program is therefore unique in time, and 
specific to an identifiable stock and its native habitat (Flagg et al. 2004).  

  
An alternative to assessing hatchery performance against a universal set of criteria (e.g., a 
specific Proportion Natural Influence: (PNI) threshold) is acknowledging a range of possible 
practices and corresponding effects, and assessing a particular program against this scale (Figure 
2).  The "Integrated Strategy" is recommended when HOF are intended to spawn naturally and 
the better integrated (i.e., moving to the right in Figure 2.) the greater the potential benefit. The 
"Isolated Strategy" is recommended when HOF are intended to be harvested and not intended to 
spawn naturally, and the better isolated (i.e., moving to the left in Figure 2) the greater the 
potential benefits (and lesser risks). For example, the better integrated it is (i.e., moving from left 
to right in Figure 2) the greater potential for a hatchery program to reduce short-term extinction 
risk for a target population. Conversely, the better a hatchery program isolates itself or limits 
interactions between HOF and NOF (e.g., limiting straying and competition between NOF and 
HOF), the lower are the risks or threats to salmon and steelhead viability.   

 
Under the “isolated” strategy, hatchery fish represent an independent population that is 
genetically-distinct and potentially domesticated.  The exact extent and duration of reproductive 
isolation that is required for a population to have substantially independent population dynamics 
is not certain, however, available information indicates that substantial independence will occur 
when the proportion of a population that consists of migrants is less than 10% (Hastings 1993; 
McElhany et al. 2000; Mobrand et al. 2005).  A hatchery program, for example, would be 
expected to diverge and become independent from a local natural population when the hatchery 
broodstock is comprised of less than 10% NOF from the local population.  
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Figure 2.  A comparison of benefits and risks between the Isolated Hatchery Strategy and the 
Integrated Hatchery Strategy. The level of isolation and the potential to benefit fisheries increases 
from right to left and the level of integration and the potential to benefit salmon and steelhead 
conservation increases from left to right.   
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“Isolated” hatchery programs provide fish for harvest purposes.  In general, they are not a tool to 
promote conservation and can pose significant genetic risks to natural populations.  The 
Hatchery Scientific Review Group (HSRG) has recommended for example that “hatchery-origin 
spawners from genetically segregated programs represent <5% of the natural spawners as an 
upper-limit guideline” (Mobrand et al. 2005).  Fish from isolated hatchery programs are not the 
best source for starting a supplementation program. When NOF and fish from an integrated 
hatchery program do not exist, however, fish from isolated hatchery programs may be used to 
start an integrated supplementation program.  Isolated programs should not be used to 
supplement natural populations, and natural spawning between fish from isolated hatchery 
programs and fish from populations important to salmon and steelhead recovery should be 
strictly limited.   

  
Conversely, under the “integrated” strategy, the natural-to-hatchery gene flow rate must exceed 
the reverse (hatchery-to-natural) gene flow rate, both for hatchery and natural-origin fish, in 
order for natural selection effects of the natural environment to exceed hatchery domestication 
effects (Ford 2002).  When a population targeted for supplementation is at very low abundance, 
it may be impossible, at least immediately, to achieve the desired level of integration.  As 
population abundance increases (abundance is defined here as NOF), it is paramount that the 
natural-to-hatchery gene flow rate increase because the lesser a hatchery program is integrated 
with a population targeted for supplementation, the lesser the potential benefit of the program to 
support recovery.  For populations important to ESU or steelhead DPS recovery, the natural 
population should become capable of sustaining itself without hatchery supplementation, and 
eventually, the influence of hatchery-origin fish should be strictly limited. “The risks associated 
with continuing artificial propagation for conservation, harvest supplementation, or both can be 
reduced, but not entirely eliminated by improving culture practices” (ICTRT 2007).  Risks from 
continued hatchery supplementation should be weighed against the risk of extinction in the 
absence of hatchery supplementation.  Table 2 illustrates hatchery practices under the 
"Integrated" strategy that will be implemented in the Imnaha River of Northeast Oregon to 
support the recovery of spring/summer Chinook salmon.  The HSRG recommends that for 
spawning aggregates and populations that are of “moderate or high biological significance or if 
the goal is to maintain or improve the natural groups viability”, the Proportion of Natural 
Influence (PNI) should meet or exceed 0.7.      
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Table 2. One example of an adult management sliding scale using the current production program 
(360,000 smolts and 242 adults for broodstock) for the Imnaha River in Northeast Oregon above 
the hatchery weir. 
  

Estimated NOF (ADULTS) to 
the mouth of the Imnaha 

River as a Proportion of the 
Minimum Abundance 

Threshold (MAT) 
recommended by the Interior 

Columbia Technical 
Recovery Team 

Number of 
ADULT NOF to 

River Mouth 

Expected Handle 
Rate at Weir of 

ADULT NOF 
(50%) 

Max % NOF 
for 

Broodstock 

Number of 
ADULT NOF 
Retained for 
Broodstock 

(Proportion of 
Natural Brood) 

Proportion of 
Natural 

Influence 
(PNI) Based 
on Number 

of NOF 
Retained for 
Broodstock 

Hatchery 
Fraction of 

Natural 
Spawners 

              

<.05 of Critical > 15 > 8 0 0   NA 
              

04 - 37         NA 
.05 - .5 of Critical 15 - 149  8 - 74 50% (0.2 - 0.15)     

.5 Critical - Critical 150 -299 75 -149 40% 30 - 60      0.15 - 0.26 70% 

        (0.12 - 0.15)     

Critical - .5 of MAT 300 - 499 150 -249 40% 60 - 100     0.29 - 0.41 60% 

        (0.25 - 0.41)     

.5 MAT - MAT 500 - 999 250 - 499 30% 75 - 150     0.38 - 0.55 50% 

       (0.31 - 0.62)     

      35% 87 - 175 0.42 - 0.59   

       (0.36 - 0.72)     

MAT - 1.5 MAT  1000 - 1499 500 - 749 30% 150 - 225    0.61 - 0.7 40% 

       (0.62 - 0.93)     

      35% 175 - 242 0.67 - 0.73 35% 
       (0.72 - 1.0)     

1.5 - 2 MAT 1500 - 1999 750 - 999 25% 188 - 250    0.76 - 0.8 25% 

> 2 Times MAT > 2000 > 1000 25% > 250        >0.91 <10% 

 
BOLD values would be used after 3 consecutive years greater than minimum abundance threshold (MAT) is 
achieved. 
MAT = Minimum Abundance Threshold 
 
The more closely a hatchery supplementation program meets or exceeds these guidelines for the 
integrated strategy, the greater the potential benefit of the program from a conservation 
perspective.  In general, and particularly in the case of spawning aggregates or populations that 
are important for recovery, supplementation hatchery programs are justified only when the 
demographic risks to a natural population or spawning aggregate exceed the genetic risk from 
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supplementation itself.  An analysis of benefits and risks should be a prerequisite to the 
continued operation of existing hatchery programs and to the implementation of new programs 
directed at any population determined to be important to the conservation of an ESU or steelhead 
DPS.  Three cases for considering hatchery supplementation include:  (1) A natural population is 
at very low levels of abundance relative to historical levels but the factors limiting viability have 
been rectified, thus providing the potential or capability of self-sustainability in nature; (2) the 
natural population is on an extinction trajectory and hatchery intervention is necessary to 
conserve genetic resources, slow that trajectory and preserve the population until the factors 
limiting viability are rectified, and (3) reestablishing natural populations throughout all or some 
portion of their natural or former range. 

 
Under Case 1, supplementation would be used to quickly increase the number of natural 
spawners and ultimately, the number of natural-origin recruits (the so-called jump-start 
approach, see Figure 3).  The goal for the hatchery program (i.e., the number of years or fish 
generations in operation and or some minimum threshold of natural-origin recruits) should be 
predetermined to establish when supplementation has served its purpose and should be 
terminated.  In this case, artificial propagation and supplementation can improve population 
viability and biological status and benefit salmon and steelhead recovery.  A hatchery program 
under this scenario may be redirected to serve strictly harvest, research or educational purposes, 
but only if it did not appreciably reduced progress towards ESU or steelhead DPS recovery. 
 
Figure 3.  Hatchery actions that can reduce risk and benefit population abundance and 
productivity (the vertical axis) and risk to spatial distribution and genetic diversity (the horizontal 
axis). (HOF is hatchery origin fish and NOF is natural-origin fish.)  
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Under Case 2, the natural population is not-viable under current conditions and hatchery 
intervention is necessary to prevent extinction.  In this case, artificial propagation conserves 
genetic resources, serves as a “life-support” system, and supplementation is the primary 
mechanism for preserving at least naturally-spawning fish and natural-origin recruits for a 
hatchery-maintained population.  Supplementation provides a mechanism to produce natural-
origin recruits for inclusion into the hatchery broodstock each year, but the natural population is 
not able to sustain itself and depends on artificial propagation.  In this case, artificial propagation 
and supplementation cannot increase viability to meet criteria for ESA recovery until the factors 
limiting natural population viability are rectified.  Artificial propagation in this case can “buy 
time” until those factors are addressed.  Because in this case artificial propagation conserves 
genetic resources, it can also help to speed recovery as the factors and threats limiting viability 
are addressed.  
 
The removal of adults from a naturally-spawning population has the potential to reduce the size 
of the natural population (sometimes called “mining”), cause selection effects, and remove 
nutrients from upstream reaches (Spence et al. 1996; NRC 1996; Kapuscinski 1997).  In cases 
where a natural population is below its critical threshold for abundance and not replacing itself,  
a hatchery supplementation program can slow trends toward extinction and buy time until the 
factors limiting population viability are corrected.  Risks to the natural population, including 
numerical reduction and selection effects, are in some cases subordinate to the need to 
expeditiously implement the hatchery program and reduce the likelihood of extinction in the 
short term (e.g., Redfish Lake sockeye).  

 
Under Case 3, hatchery supplementation can improve population viability and biological status 
and benefit recovery by increasing abundance, spatial structure and, inevitably, diversity 
following establishment of a self-sustaining natural population (or spawning aggregation). 

   
5.   Progress in Hatchery Reform 

The process of learning and adjusting and improving hatchery practices has been underway from 
the fish hatchery programs. Advances in nutrition, disease treatment and prevention, genetics and 
marking technologies for example, have been profound and have been implemented at hatchery 
programs to great affect.  Examples in hatchery reform are summarized in Table 3. 
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Table 3.  A summary of progress in hatchery reform effecting seven distinct groups of Interior 
Columbia Basin salmon and steelhead. 
 
Evolutionarily Significant Unit 
or Steelhead Distinct 
Population Segment 

Progress in Hatchery Reform 

Snake River fall Chinook The Snake River fall Chinook programs have increased ESU genetic 
resources and spatial structure.  Hatchery programs have helped 
jumpstart the ESU, and natural-origin fall Chinook returns have 
increased from <100 in 1990 to between 2,000 and 5,000 from 2001 
through 2004.  Spatial distribution has expanded into the Clearwater 
and lower Grande Ronde River sub-basins.  Changes at the Umatilla 
program have reduced straying into the Snake River and reduced 
threats to genetic diversity.  Monitoring of hatchery supplementation 
effectiveness and effects on productivity is scheduled to begin in 
2008.    

Snake River  
spring/summer Chinook 

Grande Ronde Basin hatchery programs are using local fish for 
broodstock after terminating the use of Rapid River Chinook in the 
mid-1990s.  Locally derived broodstock is being used in the 
Tucannon, Imnaha, S. Fork Salmon, Pahsimeroi, and upper Salmon 
Rivers.  Rescue/safety net hatchery programs are conserving genetic 
resources and reducing short-term extinction risk for populations in 
Catherine Creek, the upper Grande Ronde, the Tucannon, and the 
Lostine.  A new program, starting in 2001 is reintroducing Chinook 
into Lookingglass Creek. A new sliding-scale for collecting hatchery 
broodstock and for controlling the proportion of natural spawners 
comprised of hatchery-origin fish will help put populations in the 
Imnaha and Grande Ronde on a trend towards recovery. 

Upper Columbia 
spring Chinook 

A rescue program is reducing short-term risk of extinction for White 
River Chinook.   Termination of the Entiat program in 2007 will 
eliminate a key factor limiting spring Chinook viability.  The Winthrop 
National Fish Hatchery continues a transition (which began in 2001) 
to a locally derived broodstock and has phased-out the use of Carson 
lineage stock.   
  

Upper Columbia  
Steelhead 

The use of broodstock derived from lower Columbia Skamania stock 
steelhead was terminated in the mid 1990s.  A local broodstock was 
developed to replace Wells stock in the Wenatchee.  The use of early 
spawned hatchery fish has been minimized, to promote more natural 
spawn timing of hatchery fish.  Steelhead releases were terminated in 
the Entiat beginning in 1997.  Wells Hatchery has increased the 
proportion of natural-origin steelhead in the annual broodstock, and 
has taken steps to synchronize the maturation of hatchery-origin 
steelhead with natural-origin steelhead in order to increase the 
reproductive success of hatchery fish spawning in the wild.   
Monitoring of hatchery supplementation effectiveness and effects on 
productivity is scheduled to begin in 2008.    
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Evolutionarily Significant Unit 
or Steelhead Distinct 
Population Segment 

Progress in Hatchery Reform 

Middle Columbia  
Steelhead 

The Umatilla program terminated the use of broodstock derived from 
lower Columbia Skamania stock steelhead beginning in 1981. The 
Walla Walla and Touchet programs have reduced the size of their 
juvenile releases by more than 25% to reduce straying.  A local 
broodstock is being tested to replace Lyons Ferry stock in the 
Touchet River. 
  

Snake River Steelhead Hatchery releases in the lower Salmon River basin have been 
restricted to the Little Salmon River.  Locally derived broodstock is 
being developed and tested for use in the Tucannon River and in the 
East Fork Salmon River.  Use of hatchery-origin steelhead in tributary 
habitat has been reduced. 
 

6. Technical Recovery Team Criteria 

The ICTRT has included HOF considerations in their work and it is important to understand the 
relevance of ICTRT developments to hatchery effects assessments which are the subject of this 
report. 

 
There are multiple considerations in assessing hatchery effects on population risk.  The ICRTRT 
flow-chart approach or graphical representation of risk criteria associated with natural spawner 
composition (ICTRT 2007), is only one consideration in assessing hatchery effects and genetic 
risks to population structure and the ICTRT itself makes the point that “we do encourage case-
by-case treatment of conditions that may affect the risk experienced by the population” (ICTRT 
2005).  Flagg et al. 2004 also advises against any single approach to assessing hatchery effects 
and states that “Genetic risks from any particular strategy must be estimated on a case-by-case 
basis.” 

 
Case-by-case analysis or treatment of hatchery effects is particularly important when a hatchery 
program is part of a recovery action.  ICTRT criteria provide a sound general approach for 
“assigning risk” based on the source, level, and duration of exogenous fish spawning naturally.  
Exogenous fish are defined as all fish of hatchery-origin AND all natural-origin fish that are 
present due to unnatural, anthropogenically-induced conditions, and case-by-case considerations 
are particularly important when “exogenous” fish are from hatchery programs implemented to 
promote or aid in recovery.   

 
Hatchery programs can be called upon and used as a tool to aid or promote recovery and reduce 
population risk (Hard et al. 1992, Flagg et al. 2004).  For example, forgoing the possibility of 
rebuilding a population in the shortest time using artificial propagation potentially increases 
population risk. Under conditions when the size of a population is very low, then regardless of 
the amount of genetic variability present, the population may become extinct for demographic 
reasons (Leigh 1981, Goodman 1987, Lande 1988) and in this case, the risks posed by artificial 
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propagation may be outweighed by its potential to rapidly increase the number of natural 
spawners and avoid extinction (Hard et al. 1992).  Under conditions like these, violating spawner 
composition criteria (e.g., the percentage of exogenous HOF spawning naturally) may be 
necessary, and even considered a credit to a hatchery program if NOF adult returns fall to 
critically low levels and/or the natural population is on an extinction trajectory under current 
conditions.  Clearly then, assessments of hatchery effects and population risk should depend on 
case-by-case conditions in combination with spawner composition risk criteria developed by the 
ICTRT. 

 
ICTRT criteria alone do not constitute “best management practices” for operating hatchery 
programs and for determining hatchery effects.  There is no “one-size-fits-all” set of prescriptive 
“best management practices (see section 4.3.3, Hatchery Practices) and the ICTRT states that 
“we do not specify specific management practices” but “rather we suggest that hatchery 
programs that conform to the principles described in recent publications (Flagg et al. 2004, Olson 
et al. 2004, Mobrand et al. 2005) could be considered to have “best management practices” 
(ICTRT 2007).      

 
7.   Hatchery Overviews 

An overview of 45 hatchery programs in the upper Columbia River and Snake River Basin found 
that 23 programs conserved salmon and steelhead genetic resources and reduced short-term 
extinction risk while nine programs were determined to be a limiting factor or a threat to 
viability.  To a certain extent, then, the reasons the latter programs represent threats largely 
indicate the course for correction.  Our assessment also concluded that a large number of 
improvements and new programs have been implemented in recent years and that it is too early 
to assess their effects.   
 
NMFS (2004a) provides an overview at two levels: at the population level and at the ESU or 
DPS level.  For programs in the Interior Columbia (upstream from Bonneville Dam), Hatchery 
Effects Appendix (NMFS 2006a) developed with input provided by members of the Hatchery 
and Harvest Workgroup of the FCRPS collaboration, (1) summarized the major factors limiting 
salmon and steelhead recovery at the population scale, (2) provided an inventory of existing 
hatchery programs including their funding source(s) and the status of their regulatory compliance 
under the ESA and under the National Environmental Policy Act (NEPA), (3) summarized the 
effects on salmon and steelhead viability from current hatchery operations, and (4) identified 
new opportunities or changes in hatchery programs likely to benefit population viability.  As a 
follow-up to the Hatchery Effects Report, NMFS developed recommendations for assessing 
hatchery effects, including an overview of Interior Columbia Basin hatchery program effects, 
and presented this paper and results to the Hatchery and Harvest Workgroup and to the Policy 
Workgroup in August of 2006 (NMFS 2006b). NMFS received comments and made edits to this 
paper (NMFS 2007). 
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An overview of effects for selected hatchery programs is provided in Table 4.  The four 
categories of effects are; (1) A key factor limiting viability, (2) genetic resources are conserved, 
(3) viability improves, and (4) provides fishery mitigation.  Effects assessments for the category 
“A key factor limiting viability” are based on available limiting factors and threats analysis (see 
footnote 1).   

 
For the category “genetic resources are conserved”, gamete preservation, juvenile and adult 
hatchery production, and naturally spawning hatchery fish (i.e., only hatchery fish included in an 
ESU or steelhead DPS) can; (1) reduce the immediate risk of extinction when NOF abundance is 
low and declining, or (2) potentially help to accelerate the rate of recovery as limiting factors and 
threats are addressed.  A key feature of the ESU concept is the recognition of genetic resources 
that represent the ecological and genetic diversity of the species.  These genetic resources can 
reside in a fish spawned in a hatchery as well as in a fish spawned in the wild.  Genetic resources 
are defined as all fish included in an ESU or steelhead DPS.  NMFS listing determinations 
describe which NOF and HOF are included in each ESU or steelhead DPS (70 FR 37160; June 
28, 2005).   

  
NOF effects qualify under the category “viability improves”.  The previous category “genetic 
resources are conserved”, represented the effect of conserving all the resources included in an 
ESU or steelhead DPS (i.e., NOF and HOF combined) in the absence of any associated 
improvement in NOF abundance, productivity, diversity, and spatial distribution.  Under this 
category, improvements in NOF viability must be measurable or determined reasonably certain 
to occur as a result of hatchery actions.  Reductions in limiting factors or threats (e.g., reduced 
HOF naturally spawning that potentially depresses NOF productivity), improved environmental 
conditions including improved stream flows, spawning gravel composition and nutrient levels, 
and increases in NOF abundance, productivity, diversity or spatial distribution are considered 
beneficial or creditable because they reduce the extinction risk of an ESU or steelhead DPS in 
the foreseeable future (i.e., long-term extinction risk is reduced).  The status or viability of an 
ESU generally depends on four key attributes: abundance; productivity; genetic diversity; and 
spatial distribution.  “The effects of HOF on the status of an ESU will depend on how the HOF 
within the ESU affect each of the attributes” (70 FR 37160; June 28, 2005).  Only HOF included 
in an ESU or steelhead DPS will be included in assessing an ESU or DPS’s status in the context 
of their contributions to conserving natural self-sustaining populations.  “A population that 
depends upon naturally spawning HOF for its survival is not viable” (McElhany et al 2000).  

 
Another important question is the level or extent of effect (positive or negative) resulting from 
hatchery actions in each of these categories.  For example, a “yes” under the category ‘genetic 
resources are conserved”, would constitute a high positive value and benefit if the population 
affected was determined to be important to recovery and at high risk. 

 
The category “provides fishery mitigation” summarizes which fisheries are served by individual 
hatchery programs.  For example, Columbia River Indian Treaty, recreational, and commercial 
fisheries under US v. Oregon jurisdiction are supported by production from the Leavenworth 
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hatchery program.  Snake River fall Chinook hatchery programs help support ocean fisheries 
from California to Alaska, and tribal, commercial and public fishing in the Columbia River. 
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Table 4.  An overview of selected hatchery programs.   
 

Hatchery Program Overviews5 Hatchery 
Program 

Authority 
for the 

Hatchery 
Program 

Affected 
Fish  

Hatchery fish are 
included in an ESU 
or steelhead DPS1 

A major 
factor 

limiting   
viability2 

Genetic 
resources are 

conserved3 

Viability 
improves4 

Provides fishery 
mitigation  

Leavenworth 
NFH 

Wenatchee 
R. spring 
Chinook 

No No No No USvOR 

Entiat 
fishery 
mitigation 

Entiat R. 
spring 

Chinook 

No Yes 
Program 

terminated in 
2007 last 
returns in 

2010 

No No  USvOR 

Winthrop 
supplementa
tion & 
fishery 
mitigation 

Methow R. 
spring 

Chinook 

Yes No Yes No USvOR 

Winthrop 
fishery 
mitigation  

Federal 
mitigation 
for Grande 
Coulee Dam   

Okanogan 
R. spring 
Chinook 

No No No No USvOR and Colville 
fisheries 

Chiwawa  
supplementa
tion & 
fishery 
mitigation 

Wenatchee 
R. spring 
Chinook 

Yes No Yes No USvOR 

White River 
supplementa
tion  

PUD 
mitigation 
for Rock Is. 
Dam 

Wenatchee 
R. spring 
Chinook 

Yes No Yes New 
program 

None 
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Hatchery Program Overviews5 Hatchery 
Program 

Authority 
for the 

Hatchery 
Program 

Affected 
Fish  

Hatchery fish are 
included in an ESU 
or steelhead DPS1 

A major 
factor 

limiting   
viability2 

Genetic 
resources are 

conserved3 

Viability 
improves4 

Provides fishery 
mitigation  

Methow  
supplementa
tion & 
fishery 
mitigation 

Methow R. 
spring 

Chinook 

Yes No Yes No USvOR 

Twisp  
supplementa
tion & 
fishery 
mitigation 

PUD 
mitigation 
for Wells 
Dam 

Methow R. 
spring 

Chinook 

Yes No Yes Unknown USvOR 

Wenatchee 
supplementa
tion   

PUD 
mitigation 
for Rock Is. 
Dam 

Wenatchee 
R. steelhead 

Yes No Yes Unknown USvOR 

Methow R. 
steelhead 

Yes Yes Yes No USvOR Wells Dam 
supplementa
tion & 
fishery 
mitigation 

PUD 
mitigation 
for Wells 
Dam Okanogan 

R. steelhead 
Yes Yes No New 

program 
USvOR and Colville 

Tribal  
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Hatchery Program Overviews5 Hatchery 
Program 

Authority 
for the 

Hatchery 
Program 

Affected 
Fish  

Hatchery fish are 
included in an ESU 
or steelhead DPS1 

A major 
factor 

limiting   
viability2 

Genetic 
resources are 

conserved3 

Viability 
improves4 

Provides fishery 
mitigation  

Winthrop 
NFH 
supplementa
tion & 
fishery 
mitigation 

Methow R. 
steelhead 

Yes Yes No No USvOR 

Winthrop 
NFH 
supplementa
tion & 
fishery 
mitigation 

Federal 
mitigation 
for Grand 
Coulee Dam 

Okanogan 
R. steelhead 

Yes Yes Yes No USvOR and Colville 
Tribe 

Tucannon  
supplementa
tion & 
fishery 
mitigation 

Tucannon 
R. spr/sum 
Chinook 

Yes No Yes New 
program 
unknown 

USvOR 

Lostine 
supplementa
tion 
mitigation 
(captive 
brood 
phase) 

Federal 
mitigation 
for  Lower 
Snake Dams  
 
 
 

Lostine R. 
spr/sum 
Chinook 

Yes No Yes New 
program 
unknown 

USvOR 
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Hatchery Program Overviews5 Hatchery 
Program 

Authority 
for the 

Hatchery 
Program 

Affected 
Fish  

Hatchery fish are 
included in an ESU 
or steelhead DPS1 

A major 
factor 

limiting   
viability2 

Genetic 
resources are 

conserved3 

Viability 
improves4 

Provides fishery 
mitigation  

Catherine 
Crk 
supplementa
tion 
mitigation 
(captive 
brood 
phase) 

Catherine 
Crk spr/sum 
Chinook 

Yes No Yes New 
program 
unknown 

USvOR 

Upper 
Grande 
Ronde 
supplementa
tion 
mitigation 
(captive 
brood 
phase) 

Upper 
Grande 
Ronde 
spr/sum 
Chinook 

Yes No Yes New 
program 
unknown 

USvOR 

Imnaha 
supplementa
tion & 
fishery 
mitigation 

Imnaha R. 
spr/sum 
Chinook 

Yes No Yes No USvOR 

Imnaha 
supplementa
tion & 
fishery 
mitigation 

Federal 
mitigation 
for  Lower 
Snake Dams  
(cont.) 
 
 

Big Sheep 
& Lick 
Crks. 
spr/sum 
Chinook 

Yes No Yes Unknown USvOR 
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Hatchery Program Overviews5 Hatchery 
Program 

Authority 
for the 

Hatchery 
Program 

Affected 
Fish  

Hatchery fish are 
included in an ESU 
or steelhead DPS1 

A major 
factor 

limiting   
viability2 

Genetic 
resources are 

conserved3 

Viability 
improves4 

Provides fishery 
mitigation  

Lookingglass 
supplementa
tion & 
fishery 
mitigation 

Federal 
mitigation 
for  Lower 
Snake Dams  
 
 
 

Lookingglass 
Crk. 
spr/sum 
Chinook 

Yes No Yes Unknown USvOR 

McCall 
fishery 
mitigation 

SF Salmon 
spr/sum 
Chinook 

Yes No Yes No USvOR 

Sawtooth 
fishery 
mitigation 

Federal 
mitigation 
for  Lwr 
Snake Dams 
(cont.)  
 

Upper 
Salmon 
spr/sum 
Chinook 

Yes No No No USvOR 

Tucannon 
supplementa
tion 
mitigation 
(captive 
brood 
phase) 

 
Tucannon 
R. spr/sum 
Chinook 

Yes No 
 

Yes 
 

Unknown 
 

USvOR 

Johnson Cr 
supplementa
tion 
mitigation 

Northwest 
Power Act 

SF Salmon 
spr/sum 
Chinook 

Yes No Yes Unknown USvOR 
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Hatchery Program Overviews5 Hatchery 
Program 

Authority 
for the 

Hatchery 
Program 

Affected 
Fish  

Hatchery fish are 
included in an ESU 
or steelhead DPS1 

A major 
factor 

limiting   
viability2 

Genetic 
resources are 

conserved3 

Viability 
improves4 

Provides fishery 
mitigation  

Rapid River 
fishery 
mitigation 

Little 
Salmon 
spr/sum 
Chinook 

No No For spring 
Chinook 

originating 
above Hells 

Canyon 

No USvOR 

Pahsimeroi, 
fishery 
mitigation 
 
 
 
 
 
 

Idaho Power 
Company 
mitigation 
for Snake R 
Dams 

Pahsimeroi 
R. spr/sum 
Chinook 

Yes No No No USvOR 

Tucannon,  
fishery 
mitigation 

Federal 
mitigation 
for Lower 
Snake River 
Dams 
 

Tucannon 
R. steelhead 

No No No No USvOR 
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Hatchery Program Overviews5 Hatchery 
Program 

Authority 
for the 

Hatchery 
Program 

Affected 
Fish  

Hatchery fish are 
included in an ESU 
or steelhead DPS1 

A major 
factor 

limiting   
viability2 

Genetic 
resources are 

conserved3 

Viability 
improves4 

Provides fishery 
mitigation  

Tucannon, 
supplementa
tion & 
fishery 
mitigation  

Tucannon 
R. steelhead 

Yes No Yes Unknown USvOR 

Clearwater 
supplementa
tion & 
fishery 
mitigation 

SF 
Clearwater 
B-steelhead 

Yes No Unknown Unknown USvOR 

Dworshak  
Lolo Crk 
supplementa
tion & 
fishery 
mitigation 

Lolo Crk  
B-steelhead 

Yes No Unknown Unknown USvOR 

Little 
Salmon 
fishery 
mitigation  

Little 
Salmon & 
Rapid R 
steelhead 

No No No No USvOR 

East Fork 
Salmon 
supplementa
tion 
mitigation 

Federal 
mitigation 
for Lower 
Snake River 
Dams 
(cont.) 
 
 
 
 

East Fork 
Salmon R 
B-steelhead 

Yes No Yes Pending USvOR 
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Hatchery Program Overviews5 Hatchery 
Program 

Authority 
for the 

Hatchery 
Program 

Affected 
Fish  

Hatchery fish are 
included in an ESU 
or steelhead DPS1 

A major 
factor 

limiting   
viability2 

Genetic 
resources are 

conserved3 

Viability 
improves4 

Provides fishery 
mitigation  

East Fork 
Salmon 
fishery 
mitigation  

East Fork 
Salmon R  
B-steelhead 

No No No No USvOR 

Sawtooth 
fishery 
mitigation  

Upper 
Salmon R 
Steelhead 

No Threat No No USvOR 

Wallowa 
fishery 
mitigation 

Wallowa, 
Minam, 
Lostine, 
Deschutes 
& John Day 
Steelhead 

No Threat No No USvOR 

Cottonwood 
Pond fishery 
mitigation 

Lwr Grande 
Ronde 
steelhead 

No Threat No No USvOR 

Little Sheep 
supplementa
tion & 
fishery 
mitigation 

Federal 
mitigation 
for Lower 
Snake River 
Dams  
(cont.) 
 

Imnaha 
steelhead 

Yes Threat Yes No USvOR 
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Hatchery Program Overviews5 Hatchery 
Program 

Authority 
for the 

Hatchery 
Program 

Affected 
Fish  

Hatchery fish are 
included in an ESU 
or steelhead DPS1 

A major 
factor 

limiting   
viability2 

Genetic 
resources are 

conserved3 

Viability 
improves4 

Provides fishery 
mitigation  

Dworshak 
supplementa
tion & 
fishery 
mitigation 

SF 
Clearwater 
B-steelhead 

Yes Unknown Yes No USvOR 

Dworshak 
fishery 
mitigation  

Federal 
mitigation 
for 
Dworshak 
Dam 

NF 
Clearwater 
B-steelhead 

Yes No Yes Unknown USvOr 

Pahsimeroi 
fishery 
mitigation 

Pahsimeroi 
R 
steelhead 

No No No No USvOR 

Oxbow 
fishery 
mitigation 

Idaho Pwr 
Company 
mitigation 
for Snake R 
Dams 

Hells 
Canyon 
tributaries 
steelhead 

No Threat No No USvOR 

Lyons Ferry  
supplementa
tion & 
fishery 
mitigation 
(includes 
Pittsburg 
Landing, 
Cpt John 
Rapids and 
Big Canyon  
acclimation 
sites)  

Federal 
mitigation 
for Lower 
Snake R. 
Dams 

Lwr 
Mainstem 
Snake 
fall Chinook 

Yes No Yes Yes USvOR , PFMC, 
US/Canada 
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Hatchery Program Overviews5 Hatchery 
Program 

Authority 
for the 

Hatchery 
Program 

Affected 
Fish  

Hatchery fish are 
included in an ESU 
or steelhead DPS1 

A major 
factor 

limiting   
viability2 

Genetic 
resources are 

conserved3 

Viability 
improves4 

Provides fishery 
mitigation  

Nez Perce 
Tribal  
supplementa
tion & 
fishery 
mitigation   

Northwest 
Power Act 

Clearwater 
fall Chinook 

Yes No Yes New 
program 

USvOR, PFMC, 
US/Canada 

Oxbow 
fishery 
mitigation 

Idaho Pwr 
Company 
mitigation 
for Snake R 
Dams 

Mainstem 
Snake fall 
Chinook 

Yes No Yes Unknown USvOR, PFMC, 
US/Canada 

Stanley 
Basin 
supplementa
tion 
mitigation 

Northwest 
Power Act 

Redfish, 
Alturas & 
Petit Lakes 
Sockeye 

Yes No Yes No No 

 

1 Hatchery fish included in an ESU or steelhead DPS are identified in NMFS 2003 and in 2004a.  Hatchery fish not included in an 
ESU or steelhead DPS cannot conserve ESU or DPS genetic resources or improve their viability. 
2 Limiting factors are identified on a population scale by final and draft ESA Recovery Plans, recovery planning expert panels, NMFS 
2004b and PCSRF 2005, 2006, and 2007. 
3 When abundance is low and declining, hatchery programs, following best management practices, can buy time and reduce short-term 
extinction risk by preserving genetic resources.  Hatchery fish and recruits from naturally spawning hatchery fish increase ESU or 
DPS resources and reduce short-term extinction risk.  
4 Increases in NOF viability (i.e., effects across the four viability parameters is a net positive) can be attributed to a hatchery program.  
Can reduce long-term risk of extinction and counts toward achieving criteria for ESA recovery and reducing survival gaps.    
5  See Salmonid Hatchery Inventory and Effects Evaluation Report: An evaluation of the effects of artificial propagation on the status 
and likelihood of extinction of West Coast salmon and steelhead under the Federal Endangered Species Act (NMFS 2004a). 
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1. Introduction 
  

Securing the future of salmon and steelhead continues to be a substantial challenge.  For the 
Interior Columbia Basin, including the Columbia River Gorge, seven of nine distinct groups of 
salmon and steelhead and parts of four more (i.e., Lower Columbia Chinook, coho salmon, 
steelhead, Columbia River chum salmon) are at risk of extinction and protected under the 
Federal Endangered Species Act (NMFS 2005a, and NMFS 2006a).  Interests from all over 
Idaho, Oregon, and Washington are collaborating to reach a shared vision for salmon and 
steelhead recovery and to develop widespread support for addressing the factors limiting their 
survival. This report is intended to inform and support these collaborative efforts.  

 
In the Interior Columbia, hatcheries are used as mitigation or compensation for factors limiting 
salmon and steelhead viability.  Over many years, authorization to build and operate water 
development projects has included obligations to also fund hatchery mitigation or compensation.  
More than 95 percent of the hatchery programs from Bonneville Dam upriver are funded 
annually by Federal, Public Utility, and Private Utility dollars.  In general, these programs have 
been called on to either (1) compensate for areas taken out of salmon and steelhead production 
altogether (e.g., the Leavenworth, Entiat, and Winthrop National Fish Hatcheries are 
compensation for Grande Coulee Dam blocking fish passage to at least half of the area producing 
upper Columbia spring Chinook salmon and steelhead), (2) compensate for losses because of 
reduced salmon and steelhead productivity from the continuing operation of dams, (3) preserve 
genetic resources until productivity improves and salmon and steelhead can become self-
sustaining, or (4) help re-colonize areas or jumpstart production when productivity improves 
sufficiently and salmon and steelhead can become self-sustaining.  Hatchery programs alone 
cannot mitigate by promoting salmon and steelhead recovery in lieu of addressing the factors 
limiting salmon and steelhead productivity.   

 
Incidental to fulfilling their mitigation obligations, hatchery programs can benefit or harm the 
viability of salmon and steelhead.  The presence of hatchery fish potentially can benefit the 
overall status of salmon and steelhead by contributing to increasing the number of natural 
spawners and spatial distribution, by serving as a source population for repopulating unoccupied 
habitat and by conserving genetic resources (NMFS 2005a).  Conversely, hatchery-induced 
genetic change can reduce the fitness of both hatchery and natural-origin fish in the wild (Ford et 
al. 2002) and hatchery induced ecological effects (e.g., competition for food and space) can 
reduce salmon and steelhead productivity and abundance.  Salmon and steelhead that are 
partially or wholly dependent on hatchery propagation for their continued existence are not 
viable (McElhany et al. 2000).   

 
More than one hundred hatchery programs operate in the Columbia Basin above Bonneville 
Dam; this report: (1) summarizes the major factors limiting salmon and steelhead recovery at the 
population scale, (2) provides an inventory of existing hatchery programs including their funding 
source and the status of their regulatory compliance under the Endangered Species Act (ESA) 
and under the National Environmental Policy Act (NEPA), (3) describes the effects on salmon 
and steelhead viability (positive, negative, no effect or unknown) from current hatchery 
operations, including programs not in the same vicinity, and (4) identifies new opportunities or 
changes in hatchery programs likely to benefit viability.  The report focuses on hatchery 
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programs that are associated with salmon and steelhead protected under the ESA (e.g., all spring 
Chinook salmon hatchery programs located within the geographical boundaries of the Upper 
Columbia spring Chinook Evolutionarily Significant Unit).   
   
The primary criteria for determining the viability of salmon and steelhead populations are 
described in McElhany et al. (2000).  These criteria are the abundance, productivity, spatial 
distribution and diversity of natural-origin fish.  Hatchery programs can benefit or harm salmon 
and steelhead viability.  In determining the effects (positive or negative) of hatchery programs on 
salmon and steelhead viability, it is necessary then to determine their influence on these criteria.  
It is also is important to recognize that a single hatchery effect can and often does influence 
multiple viability criteria.  For example, increases in natural-origin fish (NOF) attributable to a 
hatchery program can benefit both abundance and spatial structure while, on the other hand, the 
removal of NOF for hatchery broodstock reduces abundance and can reduce productivity also. 
Ultimately, the number, nature, and scale of hatchery programs must be consistent with the 
maintenance of a naturally self-sustaining ESU or steelhead DPS.   

 
The following guidance is intended to help determine the influence of hatchery programs on each 
of the different viability criteria.    
 
Abundance is the number of fish produced by natural processes that have spent their entire life 
cycle in nature (i.e., natural-origin fish).  This is often referred to as gravel-to-gravel survival or 
fish originating from naturally spawning parents that hatch in a stream’s gravel and that survive 
to spawn naturally themselves years later.  The effect of a hatchery program on salmon and 
steelhead abundance should be determined by: 
 
1. The proportion of natural-origin fish (NOF) removed from any population or spawning 

aggregate to provide hatchery broodstock (i.e., NOF that are taken into a hatchery instead 
of left to spawn naturally).  This is often referred to a “mining” a group of fish for 
broodstock. 

2. The proportion of NOF killed or injured by hatchery facilities (e.g., hatchery water 
intakes). 

3. Reduced or lost natural production caused by hatchery facilities that block, delay, or 
impede adult fish from returning to spawning areas (e.g., weirs, ladders, or traps). 

4. Increases in NOF attributable to hatchery supplementation. Eggs and juveniles planted into 
streams and adult returns from these plants, serve to seed freshwater spawning and rearing 
areas.  Only the progeny of naturally spawning fish (natural-origin and hatchery-origin) 
count in determining abundance for viability purposes.   

5. Injury or mortality of adult NOF at hatchery facilities (i.e., physical injury, handling effects 
etc.). 

 
Productivity is the survival rate of natural-origin fish as related to parent run size.  It is a measure 
that directly relates to the potential ability for a population or spawning aggregate to be self-
sustaining.  For example, the productivity measure used by the Interior Columbia Technical 
Recovery Team is expressed in terms of recruits per spawner or the degree to which natural 
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spawning adults in one generation are replaced by natural-origin natural spawning adults in the 
next generation.  This measure of life-cycle productivity is affected by mortality and survival at 
all life stages taken together.  In general, if productivity is limited by the number of natural 
spawners (e.g., fish have difficulty finding mates or habitat is being re-colonized), then naturally 
spawning hatchery fish potentially can increase natural productivity.  The effect of a hatchery 
program on salmon and steelhead productivity should be determined by: 
 
1. The productivity of fish derived from hatchery-origin fish (i.e., the life-cycle survival or 

replacement rate of progeny of naturally spawning hatchery-origin fish). 

2. The productivity of the progeny of naturally spawning hatchery-origin fish (HOF) relative 
to naturally spawning NOF. 

3. The life history characteristics of naturally spawning HOF compared to naturally spawned 
NOF (e.g., age-of-return, size-at-return, spawn timing, fecundity, etc.). 

4. Competition for food or habitat between NOF and planted HOF. 

5. Maintenance of within population substructure (e.g., multiple spawning aggregates). 

6. Whether hatchery facilities (e.g., weirs, ladders, diversions) affect escapement back to the 
area of origin, rates of natural straying, or dispersement of fish (adults and juveniles) into 
under-used habitats, especially when adult returns are large.    

7. Competition for prime spawning areas and redd superimposition. 

8. Predation on juvenile NOF by planted HOF. 

9. Spawning between HOF and NOF that reduces productivity. 

10. HOF nutrient contribution to freshwater rearing areas.  

 
Spatial structure is the range or distribution of NOF.  Any viability evaluation must consider 
spatial structure within a population (or group of populations) because spatial structure affects 
extinction risk (McElhany et al. 2000).  The effect of hatchery programs on salmon and steelhead 
spatial structure should be determined by: 
 
1. Whether hatchery facilities (i.e., weirs, ladders, diversions, etc.) affect escapement back to 

the area of origin, rates of natural straying, or dispersal of fish (adults and juveniles) into 
under-used habitats, especially when adult returns are large.    

2. Competition for prime spawning areas and redd superimposition. 

3. Competition between planted HOF juveniles and NOF for rearing areas. 

4. Predation on juvenile NOF by planted HOF. 

5. Spawning between HOF and NOF that reduces productivity and affects spatial distribution. 
 

Diversity refers to the distribution of traits within and among populations of salmon and 
steelhead.  These traits include anadromy, morphology, fecundity, run timing, spawn timing, 
juvenile behavior, age at smolting, age at maturity, egg size, developmental rate, ocean 
distribution patterns, physiology and molecular genetic characteristics.  A combination of genetic 
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and environmental factors largely causes phenotypic diversity.  Variation or diversity in these 
and other traits is important to viability because a) it allows fish to take advantage of a wider 
array of environments; b) it spreads the risk (e.g., different ocean distribution patterns mean not 
all fish are at risk from local or regional varying ocean conditions); and c) genetic diversity 
allows fish to adapt to changing environmental conditions.  Habitat, harvest, and hatchery factors 
can all affect diversity.  In the case of hatchery programs, gene flow strongly influences patterns 
of diversity within and among salmon and steelhead populations.  The effect of hatchery 
programs on salmon and steelhead diversity should be determined by: 
 
1. The similarity of HOF traits relative to NOF traits and the rate of gene flow of HOF into a 

natural population or spawning aggregate.  Natural rates of gene flow have helped salmon 
and steelhead to persist and adapt to local conditions and the natural or background level 
between spawning aggregates, between populations, between Distinct Population Segments 
and between Evolutionarily Significant Units should be maintained. 

2. The extent to which a hatchery program preserves or builds salmon or steelhead genetic 
resources.  

     
2. Effects Assessments 
 
There are three categories of effects included in this report: (1) significant factors limiting 
population viability, (2) slowing trends toward extinction, and (3) improved viability (this 
corresponds to reducing the long-term risk of extinction or reducing survival gaps).  A summary 
of effects assessments for Interior Columbia hatchery programs is provided in Table 1. A 
summary of progress in hatchery reform affecting seven groups of Interior Columbia Basin 
salmon and steelhead is provided in Table 2. 
 
ESU-scale limiting factors analysis is derived primarily from ESA listing determinations and 
NOAA’s 2005 report to Congress (NMFS 2005a).  Limiting factors analysis at the population 
scale (see Attachment 1) is derived from salmon and steelhead recovery plans authored by state 
and local interests and by information provided by the ICTRT. 

    
Slowing trends toward extinction includes hatchery supplementation programs that preserve 
genetic resources and increase the number of natural spawners.  These programs buy time until 
the factors limiting viability are addressed.  Actions in this category should be considered interim 
or short-term and, for this reason, risk associated with the origin and influence of naturally 
spawning hatchery-origin fish should not apply here.   

 
Reductions in hatchery program impacts and, second, actions that benefit viability criteria fall 
into category three.  For example, limiting exogenous hatchery-origin and natural-origin fish 
natural spawning and reestablishing self-sustaining populations in their former range using 
hatchery-origin fish would qualify for credit under category three.          

   
The relative value or level of credit attributable to a hatchery action depends on (1) the hatchery 
practices, (2) the degree to which the hatchery program limits viability, (3) the population’s 
importance to ESU or DPS viability, and (4) the status of the population.  Hatchery programs for 
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example that isolate themselves from natural populations or spawning aggregates have little or 
no value to the biological status of salmon and steelhead.   

     
Table 1.  An assessment of hatchery programs in the Interior Columbia Basin. 
 

Hatchery Program Assessment Evolutionarily 
Significant Unit 
or Steelhead 
Distinct 
Population 
Segment 

Authority for 
the Hatchery 

Program 

Hatchery 
Program 

Affected 
Population 

A Top 5 
limiting 
factor 

affecting 
population 
viability1 

Slows 
trends 
toward 

extinction2 

Improves 
viability and 
population  

status3 

Leavenworth 
fishery 

mitigation 

Wenatchee R. No No No 

Entiat fishery 
mitigation 

Entiat R. Yes No No 

Winthrop 
supplementatio

n & fishery 
mitigation 

Methow R. No Yes No 

Federal 
mitigation for 

Grande Coulee 
Dam 

Winthrop 
fishery 

mitigation 

Okanogan R. No No No 

Chiwawa  
supplementatio

n & fishery 
mitigation 

Wenatchee R. No Yes Pending 
progress on 

limiting factors 

PUD mitigation 
for Rock Island 

Dam 

White 
supplementatio

n 

Wenatchee R. No Yes Yes 

Methow  
supplementatio

n & fishery 
mitigation 

Methow R. No Yes No 

Upper Columbia 
Spring Chin ESU 

PUD mitigation 
for Wells Dam 

Twisp  
supplementatio

n & fishery 
mitigation 

Methow R. No Yes Pending 
progress on  

limiting factors 

PUD mitigation 
for Rock Island 

Dam 

Wenatchee 
supplementatio

n  mitigation 

Wenatchee R. No Yes Pending 
progress on 

limiting factors 

Wells Dam 
supplementatio

n & fishery 
mitigation 

Methow R. Yes No No 

Upper Columbia 
steelhead 

PUD mitigation 
for Wells Dam 

Wells Dam 
supp. & fishery 

mitigation 

Okanogan R. Yes No No 
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Hatchery Program Assessment Evolutionarily 
Significant Unit 
or Steelhead 
Distinct 
Population 
Segment 

Authority for 
the Hatchery 

Program 

Hatchery 
Program 

Affected 
Population 

A Top 5 
limiting 
factor 

affecting 
population 
viability1 

Slows 
trends 
toward 

extinction2 

Improves 
viability and 
population  

status3 

Winthrop NFH 
supplementatio

n & fishery 
mitigation 

Methow R. Yes No No Upper Columbia 
steelhead 

Federal 
mitigation for 

Grande Coulee 
Dam 

Winthrop NFH 
supplementatio

n & fishery 
mitigation 

Okanogan R. No Yes Pending 
progress on 

limiting factors 

Tucannon  
supplementatio

n & fishery 
mitigation 

Tucannon R. No Yes Pending 
progress on 

limiting factors 

Lostine 
supplementatio

n mitigation 
(captive brood 

phase) 

Lostine R. No Yes Pending 
progress on 

limiting factors 

Catherine Crk 
supplementatio

n mitigation 
(captive brood 

phase) 

Catherine Crk No Yes Yes 

Upper Grande 
Ronde 

supplementatio
n mitigation 

(captive brood 
phase) 

Upper Grande 
Ronde 

No Yes Yes 

Imnaha 
supplementatio

n & fishery 
mitigation 

Imnaha R. No Yes No 

Imnaha 
supplementatio

n & fishery 
mitigation 

Big Sheep & 
Lick Crks 

No Yes No 

Lookingglass 
supplementatio

n & fishery 
mitigation 

Lookingglass 
Crk 

No Yes Yes 

McCall fishery 
mitigation 

SF Salmon No Yes No 

Snake R. 
spring/summer 

Chinook 
 
 

Federal 
mitigation for  
Lwr Snake 

Dams 
 
 
 

Sawtooth 
fishery 

Upper Salmon No Yes No 
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Hatchery Program Assessment Evolutionarily 
Significant Unit 
or Steelhead 
Distinct 
Population 
Segment 

Authority for 
the Hatchery 

Program 

Hatchery 
Program 

Affected 
Population 

A Top 5 
limiting 
factor 

affecting 
population 
viability1 

Slows 
trends 
toward 

extinction2 

Improves 
viability and 
population  

status3 

mitigation 

Tucannon 
supplementatio

n mitigation 
(captive brood 

phase) 

 
Tucannon R. 

 
No 

 
Yes 

 
Yes 

Snake R 
spring/summer 

Chinook 

Northwest 
Power Act 

Johnson Cr 
supplementatio

n mitigation 

SF Salmon No Yes Pending 
progress on 

limiting factors 

Lemhi 
supplementatio

n mitigation 
(captive brood 

phase) 

Lemhi R. No Yes Yes 

East Fork 
Salmon 

supplementatio
n mitigation 

(captive brood 
phase) 

East Fork 
Salmon 

No Yes Yes 

Northwest 
Power Act 

(cont.) 

West Fork 
Yankee Fork 

supplementatio
n mitigation 

(captive brood 
phase) 

Yankee Fork No Yes No, program 
closed 

Rapid River 
fishery 

mitigation 

Little Salmon No No 
(preserves 

genetic 
resources 

from another 
ESU) 

No 

Snake R 
spring/summer 
Chinook (cont.) 

Idaho Power 
Company 

mitigation for 
Snake R Dams 

Pahsimeroi, 
fishery 

mitigation 

Pahsimeroi R No Yes No 

Tucannon,  
fishery 

mitigation 

Tucannon R. Yes No No 

Tucannon, 
supplementatio

n & fishery 
mitigation 

Tucannon R. No Yes Pending 
progress on 

limiting factors 

Snake R. 
steelhead 

 

Federal 
mitigation for 

Lower Snake R. 
Dams 

Clearwater 
supplementatio

SF Clearwater Unknown Unknown No 
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Hatchery Program Assessment Evolutionarily 
Significant Unit 
or Steelhead 
Distinct 
Population 
Segment 

Authority for 
the Hatchery 

Program 

Hatchery 
Program 

Affected 
Population 

A Top 5 
limiting 
factor 

affecting 
population 
viability1 

Slows 
trends 
toward 

extinction2 

Improves 
viability and 
population  

status3 

n & fishery 
mitigation 

Dworshak  
Lolo Crk 

supplementatio
n & fishery 
mitigation 

Lolo Crk Unknown Unknown No 

Little Salmon 
fishery 

mitigation 

Little Salmon & 
Rapid R 

Unknown No No 

East Fork 
Salmon 

supplementatio
n mitigation 

East Fork 
Salmon R 

No Yes Pending 
progress on 

limiting factors 

East Fork 
Salmon fishery 

mitigation 

East Fork 
Salmon R 

No No No 

Sawtooth 
fishery 

mitigation 

Upper Salmon 
R 

Unknown No No 

Wallowa 
fishery 

mitigation 

Wallowa, 
Minam, Lostine, 

Deschutes & 
John Day 

Yes No No 

Cottonwood 
Pond fishery 

mitigation 

Lwr Grande 
Ronde 

Unknown No No 

Federal 
mitigation for 

Lower Snake R. 
Dams (cont.) 

Little Sheep 
supplementatio

n & fishery 
mitigation 

Imnaha No Yes Pending 
progress on 

limiting factors 
& improved 

hatchery 
practices 

Dworshak 
supplementatio

n & fishery 
mitigation 

SF Clearwater Unknown Unknown No Federal 
mitigation for 

Dworshak Dam 

Dworshak 
fishery 

mitigation 

NF Clearwater No Yes (only NF 
Clearwater 

fish left) 

Pending 
progress on 

factors limiting 
NF Clearwater 

recovery 

Snake R 
steelhead (cont.) 

Idaho Power 
Company 

Pahsimeroi 
fishery 

Pahsimeroi R No No No 
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Hatchery Program Assessment Evolutionarily 
Significant Unit 
or Steelhead 
Distinct 
Population 
Segment 

Authority for 
the Hatchery 

Program 

Hatchery 
Program 

Affected 
Population 

A Top 5 
limiting 
factor 

affecting 
population 
viability1 

Slows 
trends 
toward 

extinction2 

Improves 
viability and 
population  

status3 

mitigation mitigation for 
Snake R Dams 

Oxbow fishery 
mitigation 

Hells Canyon 
tributaries 

No Yes (only for 
fish 

originating 
above Hells 

Canyon 
Dams 

No 

Federal 
mitigation for 

Lower Snake R. 
Dams 

Lyons Ferry 
supplementatio

n & fishery 
mitigation 
(includes 
Pittsburg 

Landing, Cpt 
John Rapids 

and Big 
Canyon  

acclimation 
sites) 

Lower 
Mainstem 

Snake 

No Yes Unknown Snake R fall 
Chinook 

Northwest 
Power Act 

Nez Perce 
Tribal 

supplementatio
n & fishery 
mitigation 

Clearwater No Yes Yes 

Snake R fall 
Chinook (cont.) 

Idaho Power 
Company 

mitigation for 
Snake R Dams 

Oxbow fishery 
mitigation 

Mainstem 
Snake 

No Yes Unknown 

Snake R 
sockeye 

Northwest 
Power Act 

Stanley Basin 
supplementatio

n mitigation 

Redfish, Alturas 
& Petit Lakes 

No Yes Yes 

 
1 PCSRF 2005, UCSRB 2007 
2 Can slow trends toward extinction or prevent extinction of salmon and steelhead populations in the short-term.  
3 Can improve the viability and status of salmon and steelhead populations.  
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Figure 1. General hatchery program performance associated with gene-flow between natural-
origin and hatchery-origin fish.      

 
 
Hatchery Programs that 
are Isolated from natural 
populations or spawning 
aggregates 

The Hatchery Spectrum Hatchery Programs with 
broodstocks that are 

Integrated with a local 
natural population or 

spawning aggregate 
 
 
 
 
 
 
 
 
 

 Local Natural-origin Fish Used for Broodstock  
No   Yes 

 Hatchery-origin Fish Intended to Spawn Naturally  
No  Yes 

 
Promotion of Characteristics Important to Survival in 

the Wild  
low  high 

 Operation Cost  
lower  higher 

 Monitoring & Evaluation Requirements  
lower  higher 

 Support Conservation Initiatives  
No  Yes 

 Potential to Benefit Natural Productivity  
none  low 

 Potential to Preserve Diversity  
None  high 

 Increase the Number of Natural Spawners  
None  high 

 Potential to Benefit Spatial Distribution  
none  high 

 Harvest Benefit  
higher  lower 

 Ecological Risks  
higher  lower 

 Straying Risks  
higher  lower 
 

Natural-origin 
Fish 

Hatchery-
origin Fish 

Natural-origin 
Fish 

Hatchery-
origin Fish 

Natural-origin 
Fish 

Hatchery-
origin Fish 

Natural-origin 
Fish 

Hatchery-
origin Fish 

Gene Flow
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This report describes how hatchery programs can affect the abundance, productivity, spatial 
structure and diversity of natural-origin fish and summarizes the effects of individual interior 
Columbia hatchery programs on salmon and steelhead viability. Effects are reported as a benefit 
(+), threat (-), unknown, or no effect; and are based, first, on available information from 
research, monitoring, and evaluation at the hatchery program (e.g., estimates of hatchery and 
natural fish productivity and comparisons of hatchery-origin and natural-origin fish population 
dynamics); and second, on a comparison of hatchery practices at the program relative to 
guidelines described in Figures 2, 3, and 4.  Differences between effects (e.g., weighing the 
effects of domestication against straying) and different levels of effect within and between 
categories are not quantified in this report.   
 
Salmon and steelhead viability is the focus of this report and it is accepted here that hatchery 
programs can benefit or harm viability.  Hatchery programs are designated as a benefit or + 
when: 
 
a. Available information indicates that salmon or steelhead are at greater risk without 

artificial propagation intervening and that a specific hatchery program has been called upon 
to promote salmon or steelhead conservation.  In general, when natural productivity is low 
and fish are not sustaining themselves (i.e., average natural-origin fish replacement rates 
are less than one), hatchery programs potentially can reduce short-term risk of extinction 
(i.e., buy time until natural productivity is sufficiently improved).  When natural 
productivity is limited by the number of natural spawners, hatchery programs can 
supplement or reintroduce natural spawning to help a population or spawning aggregate 
become self-sustaining.  These programs strictly follow practices designed to preserve or 
benefit viability (see Table 2).  If the risk to a population or spawning aggregate dictates, 
hatchery practices may change accordingly.  For example, temporarily increasing the 
proportion of hatchery-origin fish in the hatchery broodstock and the proportion of natural 
spawners comprised of hatchery-origin fish may be appropriate under particular 
circumstances to reduce risk.  Hatchery practices, including contingencies dictated by 
different circumstances, must be documented in a Hatchery Genetic Management Plan for 
the program. A framework for identifying beneficial hatchery actions that potentially 
reduce spatial structure and genetic diversity risk and abundance and productivity risk is 
described in Figure 5.  

  
b. A hatchery program serves a research function and does not jeopardize any natural 

population or major spawning aggregate of salmon or steelhead. 
 
c. There are indications that natural-origin fish abundance, productivity, spatial distribution or 

genetic diversity has benefited from a hatchery program.   
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Hatchery programs are designated as a – or threat to population or spawning aggregate viability 
when: 
 

a.   Natural spawners are comprised, on average, of more than 5% hatchery-origin fish from 
an Isolated Hatchery Program. Isolated Hatchery Programs generally cannot have a + 
or beneficial effect on population viability because of the hatchery practices they 
follow (i.e., unless they are the only remaining genetic resources of an otherwise 
extirpated distinct group of fish).  

 
b. The longer that the hatchery environment drives adaptation of hatchery-origin fish 

intended to spawn naturally.  The proportion of natural-origin fish in the hatchery 
broodstock must exceed the proportion of hatchery-origin fish on the spawning 
grounds for the natural environment to drive adaptation.  This proportion should 
exceed 0.7 for populations or spawning aggregates of moderate or high biological 
significance or if the goal is to maintain or improve their viability (HSRG 2004), 

 
c. Hatchery-origin fish are intended to spawn naturally and when natural-origin fish 

annually comprise less than 10% of the hatchery broodstock (McElhany et al. 2000 
and HSRG 2004), 

 
d. Hatchery-origin fish intended to spawn naturally have different population dynamics 

(e.g., age structure) than the natural population or spawning aggregate they are 
intended to benefit, 

 
e. Hatchery-origin fish prey on or compete with natural-origin fish for food and habitat, 
 
f. Hatchery facilities change adult or juvenile spatial distribution,  
 
g. Hatchery water diversions kill or injure juvenile or adult fish, and 
 
h. There are indications that natural-origin fish abundance, productivity, spatial 

distribution or diversity has been depressed by a hatchery programs.        
 

3. Reducing Incidental Hatchery Impacts on Salmon and Steelhead 
Viability 

 
Hatchery programs have incidental or collateral impacts on salmon and steelhead in the course of 
performing their job and there are several key considerations in determining the significance of 
impacts and the appropriate level of response. 
 
Human caused impacts to freshwater habitat mean river systems can produce fewer fish.  When 
this happens and the productive potential of a river system is reduced or eliminated, hatchery 
propagation has frequently been called upon to at least preserve treaty and public fishing 
opportunities.  Between 80 and 90 percent of the hatchery programs in the Interior Columbia 
serve these purposes under public laws (e.g., the Water Resources Development Act of 1986 
(P.L. 99-662) authorizing the Lower Snake River Fish and Wildlife Compensation Plan), license 
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agreements and other mitigation commitments. Incidental to fulfilling these obligations, hatchery 
programs can harm salmon and steelhead viability.  Considerations in determining what level of 
credit is appropriate for actions or reforms that reduce incidental impacts caused by hatchery 
programs include the following.   
 

1. The biological significance and the management goal for a population or spawning 
aggregate (e.g., is the condition of a population or spawning aggregate particularly 
important to the viability of an ESU or DPS)? 

2.  The biological status of a population or spawning aggregate (e.g., is the group of fish 
in desperate need of help)?   
 
3. The significance of the incidental impact (i.e., to what extent is the incidental impact a 
significant factor limiting viability).  For example, if stray rates and natural spawning of 
hatchery fish are relatively low and genetic diversity is not a significant risk factor, then 
efforts to further reduce straying may not justify substantial credit.  

 
4. A summary of progress in hatchery reform effecting seven distinct 

groups of Interior Columbia salmon and steelhead 
 

Table 2.  A summary of progress in hatchery reform effecting seven distinct groups of Interior 
Columbia Basin salmon and steelhead.    
 

Evolutionarily Significant 
Unit or Steelhead Distinct 
Population Segment 

Progress in Hatchery Reform 

Snake River fall Chinook Good reason to believe that the Snake River fall Chinook programs 
have increased spatial structure, genetic resources and probably 
abundance.  Hatchery programs have helped jumpstart the ESU, and 
natural-origin fall Chinook returns have increased from <100 in 1990 
to between 2,000 and 5,000 from 2001 through 2004.  Spatial 
distribution has expanded into the Clearwater and lower Grande 
Ronde River sub-basins and changes at the Umatilla hatchery 
program has reduced straying from outside the basin and threats to 
fall Chinook diversity. 

Snake River  
spring/summer Chinook 

Grande Ronde Basin hatchery programs are using local fish for 
broodstock after terminating the use of Rapid River Chinook in the 
mid-1990s.  Locally derived broodstock is being used in the 
Tucannon, Imnaha, S. Fork Salmon, Pahsimeroi, and upper Salmon 
Rivers.  

Upper Columbia 
spring Chinook 

The Winthrop National Fish Hatchery continues a transition (which 
began in 2001) to a locally derived broodstock (a combination of 
Methow River and Chewuch River Chinook) and is phasing out the 
use of Carson lineage stock. 

Upper Columbia  
Steelhead 

The use of broodstock derived from lower Columbia Skamania stock 
steelhead was terminated in the mid 1990s.  A local broodstock was 
developed to replace Wells stock in the Wenatchee.  The use of early 
spawned hatchery fish has been minimized, to promote more natural 
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Evolutionarily Significant 
Unit or Steelhead Distinct 
Population Segment 

Progress in Hatchery Reform 

spawn timing of hatchery fish. 
 
Steelhead releases were terminated in the Entiat beginning in 1997.  
Wells Hatchery has increased the proportion of natural-origin 
steelhead in the annual broodstock, and has taken steps to 
synchronize the maturation of hatchery-origin steelhead with natural-
origin steelhead in order to increase the reproductive success of 
hatchery fish spawning in the wild.  The broodstock used in the 
propagation program in the Wenatchee basin is using primarily 
natural-origin fish collected from the Wenatchee River. 

Middle Columbia  
Steelhead 

The Umatilla program terminated the use of broodstock derived from 
lower Columbia Skamania stock steelhead beginning in 1981.  
 
The Walla Walla and Touchet programs have reduced the size of 
their juvenile releases by more than 25% to reduce straying. 
 
A local broodstock is being tested to replace Lyons Ferry stock in the 
Touchet River. 

Snake River Steelhead Hatchery releases in the lower Salmon River basin have been 
restricted to the Little Salmon River.  Locally derived broodstock is 
being developed and tested for use in the Tucannon River and in the 
East Fork Salmon River.  Use of hatchery-origin steelhead in tributary 
habitat has been reduced. 
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5. General guidance to help set expectations for hatchery programs and to understand potential benefits and 
risks to salmon and steelhead viability 

 
Figure 2.  A framework to help establish expectations for different kinds of hatchery programs. 
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Figure 3.  Framework to help evaluate the benefits and risks to salmon and steelhead viability from different levels of hatchery program intervention 
or influence. 

 
1 Hatchery programs that conform to the principles described in Flagg et al. (2004), Olson et al. (2004), and Mobrand et al. (2005) could be considered “best management 

practices” (see ICTRT 2007a). 
2 Note that hatchery fish fitness or productivity in nature, and risk criteria associated with the hatchery-origin fish composition of natural spawners, should be revisited as new 

information becomes available. 
3  Risk criteria associated with spawner composition (ICTRT 2005).   
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Figure 4. Framework to help identify potential risk to salmon and steelhead genetic diversity and productivity from hatchery fish that stray and 
spawn naturally. 

 
 
1 Hatchery programs that conform to the principles described in Flagg et al. (2004), Olson et al. (2004), and Mobrand et al. (2005) could be considered “best management 

practices” (see ICTRT 2007a). 
2 Note that hatchery fish fitness or productivity in nature, and risk criteria associated with the hatchery-origin fish composition of natural spawners, should be revisited as new 

information becomes available. 
3  Risk criteria associated with spawner composition (ICTRT 2005).   
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Figure 5. Hatchery actions that potentially can reduce salmon and steelhead population spatial structure and diversity risk and abundance and 

productivity risk. 
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Figure 6. Hatchery actions (numbers 1-4) that potentially can reduce Wenatchee spring Chinook salmon spatial structure and diversity 
risk from high to low when the level of genetic differentiation and variation between spawning aggregations increases (see 
Interior Columbia Technical Recovery Team risk rating system for spatial structure and genetic diversity).  When factors 
limiting population productivity are addressed, hatchery action 5, 6, and 7 potentially can jumpstart naturally self-sustaining 
populations in the Chiwawa and White Rivers and reduce abundance and productivity risk. 

 
 
 
 
 
 
 

For literature cited, see Chapter 12, Supplemental Comprehensive Analysis 
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An Inventory of Current Hatchery Programs in the Interior Columbia 
Basin and Their Effects on Salmon and Steelhead Viability 
 
In the following table, Major Population Group and Population designations are based on 
information from the Lower Columbia/Willamette Technical Recovery Team (LCWTRT) and 
the Interior Columbia Technical Recovery Team (ICTRT).   “Major Factors Currently Limiting 
Population Recovery” are derived from Recovery Plans submitted to NOAA Fisheries 
(www.nwr.noaa.gov/salmon-recovery-planning/esa-recovery-plans/draft-plans.cfm) and the 
NOAA Fisheries 2005 Report to Congress, Pacific Coastal Salmon Recovery Fund. An online 
version of this report is available at www.nwr.noaa.gov/pcsrf/2005_PCSRF_Report.htm.  
Individual hatchery program information and hatchery effects information are derived from 
Hatchery Genetic Management Plans (available from Federal, state and tribal hatchery program 
operators), from NOAA Fisheries Biological Opinions and from LCWTRT and ICTRT reports.   
 
Also in the following table, Hatchery Effects on Population Viability uses the following 
Hatchery Influence Criteria developed by the ICTRT (2003).   
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Table 3.   An Inventory of Current Hatchery Programs in the Interior Columbia Basin and Their Effects on Salmon and 
Steelhead Viability 
 

Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Lower 
Columbia 
River Chinook 

Columbia 
Gorge spring 
Chinook strata 

Big White Salmon 
R.  

Extirpated 
Condit Dam blocked 
passage to production 

areas. 

None NA Extirpated Population Investigate using Klickitat 
Spring Chinook for 

reintroduction.  Complete 
planning for remodel of 

Big White Salmon Ponds 
and weir to support 

reintroduction efforts after 
Condit removal in 2008.  
Reconstruction of Lyle 

Falls in Klickitat Master 
Plan provides proper 

collection facility for this 
activity (Yakama Nation).  
A weir also would control 
straying and the level of 

naturally spawning 
hatchery fish after a self-

sustaining pop is 
reestablished (USFWS). 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Hood R  Extirpated Hood R. Spring 
Chinook  

 
 Reintroduction 

Program 
  

BPA funded. 
ESA 

authorization 
pending an 

updated HGMP 
and NEPA 

1992 + for jump-starting re-
colonization of spr Chinook in 

the Hood R.   
- because broodstock from a 
different ESU (the nearby 
Deschutes) were used and 

because the majority of 
hatchery fish returns (between 
1997 and 2001) derived from 

this broodstock were 
precocious males (60% mini 

jacks and 14% jacks) and stray 
rates averaged 18%  between 

1996-2002. 

Full-term rearing 
capability would 

potentially increase fish 
survival and the programs 
potential contribution to 
recovery.  Developing a  
broodstock from natural-

origin fish returning to the 
Hood River is more likely 

to achieve successful 
reintroduction and  benefit 

LCR Chinook ESU 
viability.   

Lower 
Columbia 
River Chinook 
(cont.) 

Columbia 
Gorge spring 
Chinook strata 
(cont.) 

Lwr Gorge fall 
Chinook (from 
upstream of the  
Washougal R. to 
Bonneville Dam) 

 Bonneville 
Upriver Bright 
Fall Chinook 

Program 
 

Isolated Fishery 
Program 
Corps of 

Engineers John 
Day Mitigation 

 
ESA 

authorization 
pending updated 

HGMP and 
NEPA 

1977 - naturally spawning fish  
from Bonneville Hatchery 
(imports from outside the 

area) pose a risk to 
population diversity and 

productivity. 

Consider terminating the 
release of Upriver Bright 

Chinook below Bonneville 
to reduce straying risks to 

endemic Chinook diversity 
and productivity.  Consider 

the Spring Crk Hatchery 
reprogramming proposal as 
a means to accomplish this 

and other objectives 
(USFWS).  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper Gorge fall 
Chinook (from 
Bonneville Dam to 
the Big White 
Salmon River) 

 Spring Crk 
National Fish 

Hatchery 
 

 Isolated Fishery 
Program  

 
Mitchell Act and  

Corps of 
Engineers funded. 

 
ESA Section 7 
consultation 
pending and 
NOAA EIS 
underway 

1973 + because these fish are the  
most representative of the 
historical Columbia Gorge 
tule population.  Preserving 

genetic resources until 
inundated habitats are 

restored.  
- naturally spawning fish  

from Bonneville Hatchery, 
Little White Salmon 

National Fish Hatchery, and 
Klickitat Hatchery (all are 

imports) pose a risk to 
population diversity and 

productivity. 

Should incorporate natural 
origin fish into the 

hatchery broodstock as 
they become available.  

The proposed Wahkiacus 
acclimation facility on the 
Klickitat will allow for the 
collection of returning fall 
Chinook and potentially 

reduce the impact of these 
fish on Gorge fall Chinook  
diversity and productivity 

(Yakama Nation).  

Lower 
Columbia 
River Chinook 
(cont.) 

Columbia 
Gorge fall 
Chinook strata 
(cont.) 

  Little White 
Salmon National 

Fish Hatchery 
Upriver Bright 

Isolated Fishery 
Program 

 
Mitchell Act 

Funded 
 

ESA Section 7 
consultation 
pending and 
NOAA EIS 
underway  

1983 - because naturally 
spawning fish from the 

Little White Salmon 
program are imports and 
pose a risk to population 

diversity and productivity. 

Change the operation of 
the hatchery ladder (i.e., 
keep it open longer) and 

conduct terminal fisheries 
to put these fish to their 
intended use and reduce 
the number that spawn 

naturally (USFWS). 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Lower 
Columbia 
River Chinook 
(cont.) 

Columbia 
Gorge fall 
Chinook strata 
(cont.) 

Big White Salmon 
R. 

 Spring Crk 
National Fish 

Hatchery  
 

Isolated Fishery 
Program  

 
Mitchell Act and 

Corps of 
Engineers funded. 

 
ESA Section 7 
consultation 
pending and 
NOAA EIS 
underway. 

1973 + because these fish are  
representative of the 

historical Columbia Gorge 
tule population, and for  

preserving genetic resources 
until inundated habitats are 

restored. 
 - because naturally 

spawning fish from Little 
White Salmon National Fish 

Hatchery and Klickitat 
Hatchery (both are imports) 

pose a risk to population 
diversity and productivity. 

 

 Should incorporate natural 
origin fish into the 

hatchery broodstock as 
they become available.  
Complete planning for 
remodel of Big White 

Salmon Ponds and weir to 
support reintroduction 

efforts after Condit 
removal in 2008. The 
proposed Wahkiacus 

acclimation facility on the 
Klickitat will allow for the 
collection of returning fall 
Chinook and potentially 

reduce the impact of these 
fish on Gorge fall Chinook  
diversity and productivity 
(Yakama Nation). A weir 

also would control straying 
and the level of naturally 
spawning hatchery fish 

after a self-sustaining pop 
is reestablished (USFWS). 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Lower Columbia 
Gorge Tributaries 
(from upstream of 
the Washougal R 
to Bonneville 
Dam) 

 None NA Unknown   

Upper Columbia 
Gorge Tributaries 
(from Bonneville 
Dam upstream to 
below the Big 
White Salmon R.) 

 None NA Unknown  

Hood R. winter 
steelhead 

 Hood R  winter 
steelhead  
Program  

 
BPA funded 

 
ESA 

authorization 
pending an 

updated HGMP 
and NEPA 

 

1991 + for increasing the number 
of natural spawners and 

preserving genetic 
resources.  Research here is 

providing important 
hatchery steelhead 

productivity information.  

 

Lower 
Columbia 
River 
Steelhead  

Columbia 
Gorge Winter 
Steelhead 
Strata 

Wind R. summer 
steelhead 

 
 
 
 
 

None NA Unknown  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Hood R. summer 
steelhead 

 Hood R. summer 
steelhead  
Program  

 
BPA funded. 

 
ESA 

authorization 
pending an 

updated HGMP 
and NEPA  

1998 + for increasing the number 
of natural spawners and 

preserving genetic 
resources.  Research here is 

providing important 
hatchery steelhead 

productivity information. 

 Lower 
Columbia 
River 
Steelhead 
(cont.) 

Columbia 
Gorge 
Summer 
Steelhead 
Strata 

Hood R. summer 
steelhead (cont.) 

 Hood R summer 
steelhead  

 
Isolated Fishery 

Program  
 

Oregon Dept of 
Fish and Wildlife 

funded. 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

1987 No Effect 
 Hatchery returns are 

prevented from escaping 
into Hood R summer and 
winter steelhead spawning 
areas. This program uses 

imported Skamania 
steelhead and will terminate 

prior to the removal of 
Powerdale Dam.  Are 

concerns over straying and 
potential effects on 

diversity. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Lower Gorge 
(upstream of the 
Washougal R to 
Bonneville Dam) 

 Bonneville  
 

Isolated Fishery 
Program  

 
Mitchell Act and 

Corps of 
Engineers funded. 

 
ESA 

authorization 
pending an 

updated HGMP 
and NOAA EIS 
that is underway  

1938 - because these hatchery 
fish are highly 

domesticated.  High stray 
rates (hatchery fish 

comprise 70-80% of the 
natural spawners) pose a 

risk to population 
productivity and diversity. 

 Lower 
Columbia 
River Coho 

Columbia 
Gorge strata  

Hood R. (includes 
all OR tributaries 
upstream from 
Bonneville Dam to 
the Hood R.) 

 None NA - because hatchery strays 
from Bonneville and 

Klickitat hatchery programs 
comprise a high proportion 

of natural spawners and 
pose a risk to population 

productivity and diversity. 
Annual plants of coho from 

the Little White Salmon 
program were terminated in 

2004. 

The proposed Wahkiacus 
acclimation facility on the 

Klickitat will improve 
homing fidelity to the 

Klickitat River (Yakama 
Nation). 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Lower 
Columbia 
River Coho 
(cont.) 

Columbia 
Gorge strata 
(cont.) 

Big White Salmon 
(includes all WA 
tributaries 
upstream from 
Bonneville Dam to 
Big White 
Salmon) 

 None (Program at 
Little White 

Salmon/Willard 
NFH was 

discontinued in 
2004) 

NA - because hatchery strays 
from Bonneville and 

Klickitat hatchery programs 
comprise a high proportion 

of natural spawners and 
pose a risk to population 

productivity and diversity. 

Complete planning for 
remodel of Big White 

Salmon Ponds and weir to 
support reintroduction 

efforts after Condit 
removal in 2008. The 
proposed Wahkiacus 

acclimation facility on the 
Klickitat will improve 
homing fidelity to the 

Klickitat River (Yakama 
Nation). A weir also would 

control straying and the 
level of naturally spawning 
hatchery fish after a self-

sustaining pop is 
reestablished (USFWS). 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Lower Columbia 
Gorge tributaries 
(from upstream of 
the Washougal R 
to Bonneville 
Dam) 

 Duncan Crk/Ives 
Isl. Program 

2001 + for reintroducing chum 
salmon into Duncan Crk and 

for preserving genetic 
resources.  

 Columbia 
River Chum 

Gorge strata 
(upstream of 
the Washougal 
R. to include 
tributaries to 
the Bonneville 
Pool)  Upper Columbia 

Gorge tributaries 
(tributaries 
upstream from 
Bonneville dam) 

 None NA No Effect  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Fifteen Mile 
Winter run 
steelhead 

Passage through the 
mainstem Columbia 
Hydro system and 

instream cover, stream 
temperature, stream flow 

and sedimentation 
conditions that limit 

spawning and rearing 
success.  

 
 

None NA No Effect  Middle 
Columbia 
River 
Steelhead 

Cascades   
Eastern Slope 

East side 
Deschutes 
tributaries A run 
steelhead (from 
the confluence 
with the Columbia  
to Trout Crk) 

Passage through the 
Federal Columbia River 
Power System and high 
stray rates from Snake 

River hatchery programs, 
and instream cover, 
stream temperature, 

stream flow, 
sedimentation and fish 
passage conditions that 

limit spawning and 
rearing success.   

None NA - because high stray rates 
from Snake River hatchery 

programs potentially disrupt 
natural selection processes 

and pose a risk to 
population diversity and 

productivity.  Warm Springs 
National Fish Hatchery 

removes some stray 
steelhead. 

Research is needed here to 
better determine the extent 

to which stray hatchery 
fish actually spawn in the 
Deschutes.  Operate weirs 

at the mouths of Bake 
Oven, Trout and Buck 

Hollow Creeks to remove 
stray hatchery steelhead.  
Sorting facilities at the 
Sherars Fall ladder to 
remove stray hatchery 

steelhead (ODFW, 
USFWS).  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Middle 
Columbia 
River 
Steelhead 
(cont.) 

Cascade 
Eastern Slope 
(cont.) 

Klickitat A-run 
steelhead 

Passage through the 
Federal Columbia River 

Power System and 
instream cover, channel 
complexity, passage and 
sedimentation conditions 
that limit spawning and 

rearing success. 
 

Klickitat summer 
steelhead  

 
Isolated Fishery 

Program  
 

Mitchell Act 
funded. 

 
ESA 

authorization 
pending an 

updated HGMP 
and NOAA EIS 
that is underway 

1983 - because transplanted 
steelhead pose a threat to 
population diversity and 

productivity. The Klickitat 
program uses transplanted 

highly domesticated 
Skamania steelhead. From 

Narum et al. 2006, less than 
4% of natural-origin fish 

had their most likely 
assignment to naturally 
spawning hatchery fish.  

Klickitat steelhead genetic 
integrity has been 

maintained despite repeated 
hatchery introductions 

(Yakama Nation).    

Klickitat Master Plan calls 
for phasing out the use of 
out-of- basin Skamania 

broodstock and converting  
to  an endemic broodstock. 
The Klickitat program is to 

function to conduct one 
year versus two year smolt 

study. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

West-side 
Deschutes 
tributaries A-run 
steelhead (Trout 
Crk upstream to 
Pelton Dam) 

 Passage through the 
Federal Columbia River 
Power System passage, 
high stray rates from  
Snake River hatchery 
programs and instream 
cover, stream 
temperature, stream flow 
and channel complexity 
conditions  that limit 
spawning and rearing 
success.  

Round Butte 
summer steelhead 

 
Isolated fishery 

program  
 

Portland General 
Electric funded. 

1974 No Effect 
 Hatchery fish are uniquely 

marked and surveys indicate 
<5% spawn naturally. 

Natural fish excluded from 
broodstock since 1998.   

- for high stray rates from 
Snake River steelhead 

hatchery programs  

Research is needed here to 
better determine the extent 

to which stray hatchery 
fish from Snake River 
programs are actually 

spawning in the Deschutes. 
Use genetic stock 

identification methods to 
collect wild Deschutes 

River steelhead for 
broodstock.  Operate weir 
at mouth of Shitike Creek 
to remove stray hatchery 

steelhead. Sorting facilities 
at the Sherars Fall ladder to 

remove stray hatchery 
steelhead. 

Middle 
Columbia 
River 
Steelhead 
(cont.) 

Cascade 
Eastern Slope 
(cont.) 

Rock Creek A run 
steelhead 

Channel morph, stream 
flow, habitat complexity, 

water quality, 
sedimentation and fish 
passage conditions that 

limit spawning and 
rearing success.   

None NA Unknown, 
 but straying, especially by 
non-indigenous hatchery 

steelhead is a concern 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Cascade 
Eastern Slope 
(cont.) 

Big White Salmon  
summer/winter  
steelhead 

Extirpated 
Condit Dam blocked 

access to production areas 

White Salmon 
winter and 

summer steelhead 
 

Isolated Fishery 
Programs  

 
Mitchell Act 

funded 
ESA 

authorization 
pending an 

updated HGMP 
and NOAA EIS 

that is underway.  

1986 Extirpated Population
  Steelhead pop was 

extirpated due to Condit 
Dam. Program uses non 

ESU Skamania steelhead.  
No information available 

regarding stray rates. 

Based on biological 
considerations, identify a 

donor population to use for 
reintroduction purposes. 
Complete planning for 
remodel of Big White 

Salmon Ponds and weir to 
support reintroduction 

efforts after Condit Dam 
removal in 2008.  A weir 

also would control straying 
and the level of naturally 
spawning hatchery fish 

after a self-sustaining pop 
is reestablished (USFWS). 

Middle 
Columbia 
River 
Steelhead 
(cont.) 

John Day 
 

North Fork A run 
steelhead 

Passage through the 
Federal Columbia River 
Power System, out-of-

basin hatchery strays and 
stream temperature, 

stream flow, 
sedimentation and 

channel complexity 
conditions that limit 

spawning and rearing 
success.  

   
 

None NA -  for limited strays from 
outside the ESU and for an 
avg 6.7% stray rate (based 
on information from the 

mainstem John Day), 
primarily from Snake River 
hatchery programs poses a 

potential risk to pop 
diversity and productivity  

Research is needed here to 
better determine the extent 

to which stray hatchery 
fish from outside  

programs are actually 
spawning in the John Day., 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Middle Fork A run 
steelhead 

Passage through the 
Federal Columbia River 
Power System, out-of-

basin hatchery strays and 
stream temperature, 

stream flow and 
sedimentation conditions 
that limit spawning and 

rearing success.  
   
 

None NA - for limited strays from 
outside the ESU and for an 
avg 6.7% stray rate (based 
on information from the 

mainstem John Day), 
primarily from Snake R 

hatchery programs poses a 
potential risk to pop 

diversity and productivity 

Research is needed here to 
better determine the extent 

to which stray hatchery 
fish from outside  

programs are actually 
spawning in the John Day. 

Middle 
Columbia 
River 
Steelhead 
(cont.) 

John Day 
(cont.) 

Upper Mainstem 
A run steelhead 

Passage through the 
Federal Columbia River 
Power System, out-of-

basin hatchery strays, and 
stream temperature, 

stream flow, 
sedimentation, and 
channel complexity 
conditions that limit 

spawning and rearing 
success.   

 

None NA - for limited strays from 
outside the ESU and for an 
avg 6.7% stray rate (based 
on information from the 

mainstem John Day), 
primarily from Snake R 

hatchery programs poses a 
potential risk to pop 

diversity and productivity 

Research is needed here to 
better determine the extent 

to which stray hatchery 
fish from outside  

programs are actually 
spawning in the John Day. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

South Fork A run 
steelhead 

Passage through the 
Federal Columbia River 
Power System, out-of-

basin hatchery strays and 
instream cover, stream 

temperature, stream flow 
and sedimentation 

conditions that limit 
spawning and rearing 

success.  
 

None NA - for limited strays from 
outside the ESU and for an 
avg 6.7% stray rate (based 
on information from the 

mainstem John Day), 
primarily from Snake R 

hatchery programs poses a 
potential risk to pop 

diversity and productivity 

Research is needed here to 
better determine the extent 

to which stray hatchery 
fish from outside  

programs are actually 
spawning in the John Day. 

Middle 
Columbia 
River 
Steelhead 
(cont.) 

John Day 
(cont.) 

Lower Mainstem 
A-run steelhead 

Passage through the 
Federal Columbia River 

Power System and out-of-
basin hatchery strays and 

stream flow, stream 
temperature, 

sedimentation and 
instream cover conditions 
that limit spawning and 

rearing success.   
 

None NA - for limited strays from 
outside the ESU and for an 
avg 6.7% stray rate (based 
on information from the 

mainstem John Day), 
primarily from Snake R 

hatchery programs poses a 
potential risk to pop 

diversity and productivity 

Research is needed here to 
better determine the extent 

to which stray hatchery 
fish from outside  

programs are actually 
spawning in the John Day. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Middle 
Columbia 
River 
Steelhead 
(cont.) 

Umatilla / 
Walla Walla 
Rivers 

Umatilla R.  A- 
run steelhead 

Passage through the 
Federal Columbia River 

Power System and stream 
flow, channel complexity, 
sedimentation and stream 

temperature conditions 
that limit spawning and 

rearing success.   
 

Umatilla summer 
steelhead  
Program  

 
BPA/NWPPC 

funded. 
 

ESA pending an 
updated HGMP 

and NEPA 

1981 + Recovery program for 
preserving genetic resources 

and temporarily boosting 
the number of natural 

spawners.  Natural origin 
fish abundance averaged 

more than 2,000 from 1999 
thru 2004. Tech Recovery 
Team abundance threshold 

is 2250.   
- because out of basin 

hatchery strays ( stray rates 
(avg. of 5.4% between1992-
2003) pose a potential risk 

to pop diversity and 
productivity.   Note that fish 
from this program stray into 

other basins and pose a 
threat to pop diversity and 

productivity.  

An expanded monitoring 
program would better 

determine the extent of 
natural production and the 

extent to which stray 
hatchery fish from outside  

programs are actually 
spawning in the Umatilla 

River. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Walla Walla R. A 
run steelhead 

Passage through the 
Federal Columbia River 
Power System and local 
sedimentation, stream 

flow, channel complexity 
and instream cover 

conditions, seasonal water 
temperatures and passage  
that limit spawning and 

rearing success. 
 

Walla Walla 
summer steelhead 

 
Isolated Fishery 

program  
 

BPA/LSRCP 
funded 

 
ESA Section 7 
consultation 
pending an 

updated HGMP  

1983 No Effect 
  Well isolated <5% of 

hatchery fish spawn 
naturally.  Program uses 

steelhead from outside the 
ESU (partially derived from 
upper Columbia steelhead). 
Hatchery fish are planted 

low in the basin away from 
primary steelhead 

production areas. Hatchery 
program size (i.e., smolt 
releases) has been cut by 

>40%. 

1. Construct acclimation 
pond and adult trapping 

facility in lwr Walla Walla 
(terminate direct stream 

releases). 2. Fund on 
station trapping and 

acclimation if the program 
is converted to an 

integrated program.  3. 
Fund continued M&E for 
hatchery effects on natural 
populations. 4. Fund PIT-
tagging to M&E hatchery 

returns. 

Middle 
Columbia 
River 
Steelhead 
(cont.) 

Umatilla / 
Walla Walla 
Rivers (cont.) 

Touchet A-run 
steelhead 

Passage through the 
Federal Columbia River 
Power System, naturally 

spawning non-indigenous 
hatchery fish and channel 
complexity, sedimentation 

and stream flow 
conditions and seasonal 
water temperatures that 

limit spawning and 
rearing success.   

 

Touchet summer 
steelhead  

 
Isolated Fishery 

Program  
 

BPA/LSRCP 
funded 

 
ESA Section 7 
consultation 
pending an 

updated HGMP  
 

1983 - because non-indigenous 
naturally spawning hatchery 
fish potentially pose a risk 
to population diversity and 
productivity.  The program 

is not well isolated.  
Facilities are inadequate to 

manage hatchery fish 
escapement. Smolt releases 
reduced by 32% since 2001 
to reduce impacts.  Plans are 
to phase this program out if 
the integrated broodstock 

Touchet program is 
successful. 

Adult trapping facilities 
being upgraded.  Need to 

improve curtain over 
diversion dam to limit 
jumping, and to install 

resistance counter in new 
ladder. 

1. natural spawner genetic 
assessment and 2. PIT-tag 

and M&E hatchery fish 
returns and distribution.   
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Touchet A run 
steelhead 

Same   
 

Touchet summer 
steelhead  

 
Integrated 

Broodstock 
Fishery Program  

 
BPA/LSRCP 

funded. 
 

ESA section 10 
permit pending an 
updated HGMP 

and NEPA 

2000 - because naturally 
spawning hatchery fish pose 

a potential risk to pop 
diversity and productivity.  

Existing facilities are  
being upgraded which will 

reduce risk to pop 
productivity and diversity. 
Need to improve curtain 

over diversion dam to limit 
jumping, and to install 

resistance counter in new 
ladder. 

1. natural spawner genetic 
assessment and 2. PIT-tag 

and M&E hatchery fish 
returns and distribution.   

Umatilla / 
Walla Walla 
Rivers (cont.) 

Willow Creek A 
run steelhead 

Extirpated None NA Extirpated Population  

Middle 
Columbia 
River 
Steelhead 
(cont.) 

Yakima Naches R. A run 
steelhead 

Passage through the 
Federal Columbia River 
Power System and fish 
passage, stream flow, 

channel complexity and 
water quality conditions 
that limit spawning and 

rearing success. 
 

None NA No Effect  
No hatchery releases into 
the Yakima Basin since 

1992 

Continue to support Kelt 
Reconditioning program 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Satus Crk A-run 
steelhead 

Passage through the 
Federal Columbia River 

Power System and 
instream cover, channel 
complexity and stream 
temperature conditions 
that limit spawning and 

rearing success.   
 

None NA No Effect  
No hatchery releases into 
the Yakima Basin since 

1992 

Continue to support Kelt 
Reconditioning program 

Toppenish A-run 
steelhead 

Passage through the 
Federal Columbia River 

Power System and 
channel complexity, 

stream flow, instream 
cover and water quality 

conditions that limit 
spawning and rearing 

success.   

None NA No Effect  
No hatchery releases into 
the Yakima Basin since 

1992  

Continue to support Kelt 
Reconditioning program 

Middle 
Columbia 
River 
Steelhead 
(cont.) 

Yakima 
(cont.) 

Upper Yakima A-
run steelhead 

Passage through the 
Federal Columbia River 
Power System and fish 

passage, instream cover, 
stream flow, channel 
complexity and water 
quality conditions that 

limit spawning and 
rearing success.   

 

None NA No Effect 
 No hatchery releases into 
the Yakima Basin since 

1992 

Continue to support Kelt 
Reconditioning program 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Middle 
Columbia 
River 
Steelhead 
(cont.) 

Yakima 
(cont.) 

Same as above Kelt (i.e., 
surviving 
spawners) 

reconditioning 
program 

 
BPA funded 

 
ESA Section 10 

permit pending an 
updated HGMP 

and NEPA  

2000 + Recovery program 
potentially can increase pop 
abundance and productivity. 
Post spawning natural fish 

are collected in lower 
Yakima basin, 

reconditioned, and released 
to return to their area of 

origin and spawn a second 
time. 

Continue to support Kelt 
Reconditioning program 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Spr/ 
Summer 
Chinook  

Lower Snake Tucannon R.  Tucannon  
 

Captive 
Broodstock  

program  
 

Funded by BPA 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA  

1997 + for preserving and 
building genetic resources 

after severe population 
declines during the mid 

1990s.  2006 is the last year 
that captive broodstock 
adults will be used for 
hatchery broodstock. 

 
Note:  The Umatilla and 
Walla Walla Chinook 

programs are not included in 
this ESU and are not 
included in this table.   

Strays from the Umatilla 
program can exceed 5% of 
the natural spawners in the 

Tucannon and pose a risk to 
productivity and genetic 

diversity.  There is a 
question about but no data 
to determine Walla Walla 
program Chinook natural 

spawning in the Tucannon.  

Apply unique external 
mark on Umatilla Hatchery 
spring Chinook to facilitate 
their removal from the 
Tucannon and protect 
diversity. 
 
Reduce Umatilla Hatchery 
spring Chinook program to 

reduce straying. 
 

About 70% of the fish 
make it to the existing weir 
on the Tucannon.  Provide 
a new adult weir lower in 

the Tucannon River to 
remove strays.  WDFW 

opposes a new weir based 
on concerns over the 

potential to disrupt spatial 
distribution in the 

Tucannon. 
 

Fund genetic analysis of 
existing samples. Increase 

mark rate for the Walla 
Walla spring Chinook 

program or cap the 
program at 250k (WDFW). 
Little Opportunity here to 

significantly benefit 
Tucannon Chinook 

viability. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Tucannon R.  
  

Tucannon  
Program  

 
BPA/LSRCP 

funded 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA  

1985 + Recovery program 
uses Tucannon broodstock 
to supplement or boost the 

number of natural spawners 
until factors limiting 

survival are addressed. 
-  for the Umatilla Chinook 
program because strays can 

approximate 5% of the 
natural spawners in the 

Tucannon. 

 
See above. 

 1. natural spawner genetic 
assessment, 2. PIT-tag and 
M&E hatchery fish returns 

and distribution, and 3. 
construct new trap in the 

lower Tucannon to remove 
stray hatchery fish 

(USFWS).   

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Lower Snake 
(cont.) 

Asotin Crk.   
 

None NA No Effect  Re-introduction using 
Tucannon stock is possible 
in the future if mainstem 

survival improves, in-basin 
habitat is restored and 

surplus Tucannon fish are 
available to use as donors.  
Asotin Creek has limited 

Chinook production 
potential  but is  very 

important for steelhead.  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Wenaha R. Passage through the 
Federal Columbia River 

Power System.  Spawning 
and rearing areas are in 
Wilderness system but 

water temperatures are a 
factor limiting fish 

passage and rearing in the   
Lower Grande Ronde.    

 
 

None NA No Effect  
Straying from Lookingglass 
Hatchery Rapid River stock 
has been eliminated and no 
longer poses a threat to this 
population.  Approximately 

5% of the naturally 
spawning fish are strays 

from the Lostine, Catherine 
Crk and Upper Grande 

Ronde programs (ODFW). 

Continue monitoring 
spawning escapement.  

Didson Acoustic Imaging 
wier  recommended by 

NEOH M&E plan.    

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Grande 
Ronde/Imnaha 

Lostine/Wallowa 
Rivers 

 
 

Lostine Captive 
Broodstock 

Program 
 

BPA funded. 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

1997 
First adult 
returns in 

2002 

+  because this temporary 
captive broodstock program 
is preserving and building 

genetic resources.  Straying 
from Lookingglass Hatchery 
Rapid River stock has been 
eliminated and no longer 

poses a threat to this 
population.  The program is 

shifting to conventional 
smolt program. 

Outplant into vacant 
habitats including Bear 

Crk.  Preserve stock 
structure and do not 

outplant into Hurricane and 
Wallowa crks (ODFW).  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Lostine/Wallowa 
Rivers (cont.) 

 
 

Lostine Program  
 

BPA funds 
captive 

broodstock 
BPA/LSRCP 

funds 
conventional 

program 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

1999 
First adult 
returns in 

2001 

+ Recovery Program 
preserves genetic resources 
and boosts the number of 

natural spawners until 
factors limiting survival are 

addressed.  

Complete NEOH to 
improve current 

supplementation program.   
 

1. natural spawner genetic 
assessment and 2. PIT-tag 

and M&E hatchery fish 
returns and distribution.     

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Grande 
Ronde/Imnaha 
(cont.) 

Minam River Passage through the 
Federal Columbia River 

Power System.  Spawning 
and rearing areas are in 
productive Wilderness 

system.   
 
 

None NA No Effect 
 Straying from Lookingglass 
Hatchery Rapid River stock 
has been eliminated and no 
longer poses a threat to this 
population. Approximately 

5% of the naturally 
spawning fish are strays 

from the Lostine, Catherine 
Crk and Upper Grande 

Ronde programs (ODFW). 

Continue monitoring 
spawning escapement.   



NOAA Fisheries                                                                       
May 5, 2008 
Supplemental Comprehensive Analysis                   Attachment 1 - Hatchery Effects Appendix 
 

28 

Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Grande 
Ronde/Imnaha 
(cont.) 

Catherine Crk 
 

 
 

Catherine Crk   
Captive 

Broodstock  
Program  

 
BPA/LSRCP 

funded. 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

1996 + because this temporary 
captive broodstock program 
is preserving and building 

genetic resources. 

None.  Continue as 
planned.   

 
Use surplus eggs from this 
program as the preferred 

source for introduction into 
Lookingglass Creek. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Grande 
Ronde/Imnaha 
(cont.) 

Catherine Crk  
 

Catherine Crk 
Program  

 
BPA/LSRCP 

funded 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

2001 + Recovery 
supplementation program 
following practices that 
promote viability in the 
wild. 

Complete NEOH to 
improve existing 

supplementation program.   
 

Assure that adult weir and 
trap operates as designed. 

 
Manage adult returns based 

on sliding scale.  
Consideration should be 
given to eliminating this 

program to better balance 
hatchery/natural 

production Grande Ronde 
Basin wide (ODFW). 

 
Limit release of surplus 

hatchery adults to vacant 
or nearly vacant habitat 

adjacent to the Catherine 
Creek.   

1. natural spawner genetic 
assessment and 2. PIT-tag 

and M&E hatchery fish 
returns and distribution.     
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Grande Ronde 
Upper mainstem 

 
 

Upper Grande 
Ronde Captive 

Broodstock 
Program  

 
BPA/LSRCP 

funded. 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

1996 + Rescue program 
Temporary captive 

broodstock program to 
preserve and build genetic 

resources.   

None.  Continue as 
currently operated. 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Grande 
Ronde/Imnaha 
(cont.) 

Grande Ronde 
Upper mainstem 
(cont.) 

 Upper Grande 
Ronde Program  

 
BPA/LSRCP 

funded. 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

2001 + Recovery 
supplementation program 
following practices that 
promote viability in the 

wild. 

Complete NEOH to 
improve existing 

supplementation progam. 
 

  Assure that adult weir and 
trap operates as designed. 
1. natural spawner genetic 
assessment and 2. PIT-tag 

and M&E hatchery fish 
returns and distribution.     
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Grande 
Ronde/Imnaha 
(cont.) 

Imnaha R.   Imnaha program  
 
 

BPA/LSRCP 
funded 

 
ESA Section 10 

permit pending an 
updated HGMP 

and NEPA   

1995 + for successfully boosting 
the number of natural 

spawners.  
- for continued high 

hatchery influence that 
potentially disrupts natural 

selection.  Since the 
program has successfully 

jumpstarted natural 
production, reducing the 

number of naturally 
spawning hatchery fish 

would reduce risk to pop 
diversity and productivity.  
Pop abundance at or above 
recovery threshold in 2001, 
02 and 03.  The proportion 

of naturally spawning 
HOF> proportion of NOF in 
the hatchery broodstock for 

11 of 15 years between 
1988 and 2003.   

Complete NEOH (modify 
weir and acclimation 

ponds) to improve existing 
supplementation program.  
Modify weir to improve 
collection efficiency and 
manage the escapement 
and natural spawning of 

hatchery fish. 
 

Do not release hatchery 
adults above the weir after 

natural escapement 
exceeds recovery 
thresholds for one 

generation.   
 

Increase the proportion of 
natural fish in the hatchery 
broodstock so that it meets 
or exceeds the proportion 
of hatchery fish spawning 

naturally. 
1. natural spawner genetic 
assessment and 2. PIT-tag 

and M&E hatchery fish 
returns and distribution.     
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Grande 
Ronde/Imnaha 
(cont.) 

Big Sheep and 
Lick Crks 

 
 

Associated with 
the Imnaha 

program 
described above 

1995 + for boosting the number 
of natural spawners. 

 Surplus adults from the 
Imnaha program are planted 

into Big Sheep and Lick 
Crks.    

- the longer the program 
uses Imnaha broodstock that 
is thought to have different 
life-history characteristics 

than Big Sheep Chinook and 
limit population diversity. 

In near term, continue 
release of surplus Imnaha 

Hatchery adults for 
reintroduction into Lick 
Creek.  Cease the use of 

Imnaha fish for broodstock 
(ODFW). 

 
Longer term:  once natural 

population established 
terminate releases of 

hatchery adults.  
1. natural spawner genetic 
assessment and 2. PIT-tag 

and M&E hatchery fish 
returns and distribution.     
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Grande 
Ronde/Imnaha 
(cont.) 

Lookingglass Crk Previous hatchery 
practices that were a 

limiting factor have been 
discontinued. 

Lookingglass 
Reintroduction 

Program  
 

BPA/LSRCP 
funded 

 
ESA Section 10 

permit pending an 
updated HGMP 

and NEPA 

2001 + for re-introduction 
following extirpation. 

Historic hatchery practices 
blocked access and 

extirpated local population.  
Current reintroduction 

program is using nearest 
suitable stock (Catherine 

Creek).   

Complete NEOH to 
improve the existing 
program. Continue 

reintroduction using 
surplus Catherine Crk 

captive broodstock. Phase 
out the use of Catherine 

Crk Chinook and use 
natural-origin Chinook 

returning to Lookingglass 
Crk for hatchery 

broodstock. 
 

Once in place, increase 
number of adults released 

above the hatchery for 
natural production (the 
hatchery rears several 

listed populations used for 
supplementation). 

 
Modify the hatchery intake 

and fish ladder to 
allow/reestablish fish 
passage and improve 
spatial distribution. 

 
1. natural spawner genetic 
assessment and 2. PIT-tag 

and M&E hatchery fish 
returns and distribution.   
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

SF Salmon 
(cont.) 

Little Salmon R. Limited  Chinook salmon 
production potential. 

Rapid River 
Isolated Fishery 

Program  
 

Idaho Power 
Company funded. 

 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

1964 -  Hatchery fish are 100% 
marked and a hatchery weir 
prevents their escapement  
into Rapid River spawning 
areas.  Escapement into the 
upper Little Salmon River 
drainage is not controlled. 
The Rapid River program 
preserves genetic resources 
indigenous to areas taken 
out of salmon and steelhead 
production by the Hells 
Canyon Dams. Surplus 
hatchery fish provide 
fishing opportunity. 

Continue to manage Rapid 
River for natural 

production.  Little Salmon 
River has limited natural 

production potential and is 
managed as state and tribal 

terminal fishing area.   
Conduct spawning ground 
surveys to determine Little 

Salmon Chinook 
production. 

Develop supplementation 
program for Rapid River 

summer Chinook 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

SF Salmon 
(cont.) 

SF Salmon R.  
  

McCall  
 

Isolated fishery 
program. 

3rd phase of Idaho 
Supplementation  

Studies  
 

BPA/LSRCP 
funded 

 
ESA Section 7 
consultation  
pending an 

updated HGMP  

2004 Unknown 
 Too early to determine if 

Recovery Supplementation 
has been successful or to 

determine effects of recent 
transition to an Isolated 
program.  One way gene 

flow from hatchery to 
natural fish is likely until 
Idaho supplementation 

study is completed.  McCall 
influence/straying in the  

Secesh is medium (10-25%) 
and is highest in large run-
size years. Part of the Idaho 
Supplementation Study to 

be completed in 2012.    
 

Conduct surveys to 
determine if hatchery fish 
spawning is limited to the 
area immediately below 

weir.   
 

Replace existing adult weir  
to manage the escapement  
of hatchery fish.  Develop 

new broodstock 
management agreement, 
phase-out ISS Phase III 

and reinitiate 
supplementation (Nez 

Perce). 
 

Assess options for 
providing acclimation 

facilities as control 
measure for straying into 

Secesh River and East 
Fork South Fork. 

1. natural spawner genetic 
assessment and 2. PIT-tag 

and M&E hatchery fish 
returns and distribution.   
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

SF Salmon R.  
 

Johnson Crk  
 

Integrated 
program  

 
BPA/LSRCP 

funded 
 

ESA 4(d) limit 
and NEPA in 

place 

2000 + because this program is 
designed to preserve 

summer Chinook salmon 
genetic resources until 

factors limiting recovery are 
addressed.  Important 

supplementation experiment 
based on all-natural-origin 
local broodstock.  Longer-

term effects on productivity 
and diversity being 

evaluated.  
 

None.  Continue using 
temporary facilities until 

sufficient evaluation 
information becomes 

available to help inform 
proper management. 

 
Replace the existing weir 

to improve its 
effectiveness. 

 
Fund the genetic analysis 

of existing samples. 
Potential to increase 

production to 300K smolts 
Nez Perce). 

Secesh R.  
 

 

None NA - from McCall Hatchery 
program influence/strays 

that pose a potential risk to 
Secesh population 

productivity and diversity. 

See South Fork above.   
Continue to monitor 

spawning escapement. 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

SF Salmon 
(cont.) 
 

East Fork   
 

McCall 2000 Unknown 
Opportunistic reintroduction 
effort using adult outplants.   

None.  Continue to monitor 
spawning escapement. 



NOAA Fisheries                                                                       
May 5, 2008 
Supplemental Comprehensive Analysis                   Attachment 1 - Hatchery Effects Appendix 
 

37 

Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Chamberlain Crk Passage through the 
Federal Columbia River 

Power System.  Spawning 
and rearing areas in 

productive Wilderness 
system. 

 
  
 

None NA No Effect 
 Important population in 

wilderness area. No 
hatchery influence 

None.  Continue to monitor 
spawning escapement. 

Lower MF Salmon 
R. 

Same as above None NA No Effect None.  Continue to monitor 
spawning escapement. 

Big Crk Passage through the 
Federal Columbia River 

Power System. Small 
legacy mining impacts, 
otherwise spawning and 

rearing areas in 
wilderness system.    

 
 

None NA No Effect 
 Important population with a  

unique life history in this 
MPG (Summer Run).  

Wilderness area with no 
hatchery influence. 

None.  Continue to monitor 
spawning escapement. 

Camas Crk None NA No Effect 
Loon Crk None NA No Effect 
Upper Middle 
Fork Salmon R. 

None NA No Effect 

None.  Continue to monitor 
spawning escapement. 
As a group, these are 

important populations for 
diversity and distribution  

of natural, upriver Chinook 
in wilderness streams 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

MF Salmon 
 

Sulphur Crk 

Same as above 
 
 

None NA              No Effect None.  Continue to monitor 
spawning escapement. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Bear Valley Crk  Same as above 
 

None NA No Effect 
 Important large, productive 

population that seeded 
extensive rearing areas 

downstream in main Middle 
Fork.  Wilderness area with 

no hatchery influence 

None.  Continue to monitor 
spawning escapement. 

MF Salmon 
(cont.) 

Marsh Crk Same as above None NA No Effect None.  Continue to monitor 
spawning escapement. 

North Fork 
Salmon R. 

 
 

None NA No Effect None.  Continue to monitor 
spawning escapement.   

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Upper Salmon 
R. 

Lower Mainstem  
 
 

None NA Unknown  
No associated hatchery 

program.  This is a unique 
life history of summer 

Chinook, mainstem 
spawners and downstream 
from the spring Chinook 

program at Sawtooth 
Hatchery 

None.  Continue to monitor 
spawning escapement. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Pahsimeroi R.   
 

Pahsimeroi  
 

Isloated Fishery 
Program.  

 3rd phase of 
Idaho 

Supplementation  
Studies  

 
Idaho Power 

Company funded. 
 
ESA Section 10 
permit pending an 
updated HGMP 
and NEPA  

2004 Unknown 
  Too early to determine 

effect of Recovery 
Supplementation or of 
recent transition to an 

Isolated program. 

 Continue to monitor 
spawning escapement. 
 
Develop broodstock 
management plan, 
discontinue ISS Phase III 
and reinitiate 
supplementation (Nez 
Perce). 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Upper Salmon 
R. (cont.) 

East Fork Passage through the 
Federal Columbia River 

Power System. 
Headwaters are in 

protected wilderness.  
 
 

East Fork Captive 
Rearing 

Experiment  
 

BPA funded. 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA    

1995 + for investigating and 
improving knowledge of  

captive broodstock 
techniques.  New genetic 
analysis is necessary to 

better establish population 
status. 

Phase out as scheduled. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Yankee Fork Passage through the 
Federal Columbia River 

Power System and 
channel complexity and 

instream cover conditions 
limit spawning and 

rearing success. 
  
 

West Fork 
Yankee Fork 

Captive Rearing 
Experiment  

 
 

BPA/LSRCP 
funded.   

1997 
 In final 

evaluation 
stage. No 

longer 
releasing 
any fish. 

+  for investigating captive 
rearing techniques 

Phase out captive rearing 
as scheduled.   

 
Develop a new HGMP.  

Initiate a new 
supplementation program 
for the upper Yankee Fork 
upstream of the West Fork 
Yankee Fork.  Initially use 

Sawtooth Hatchery 
Chinook for broodstock 
but in the longer term, 
develop in basin adult 
collection and juvenile 

acclimation facilities and 
transition to locally derived 

broodstock for 
supplementation program.  

Assess need to provide 
additional rearing facilities. 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Upper Salmon 
R. (cont.) 

Valley Crk  
 

None NA No Effect  None.  Continue to 
monitor spawning 
escapement. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper Salmon  R.   Sawtooth  
 

Isolated Fishery 
Hatchery 
Program. 

3rd phase of Idaho 
Supplementation 

Studies   
 

BPA/LSRCP 
funded. 

 
ESA Section 7 
consultation 
pending an 

updated HGMP   

2004 Unknown 
  Too early to determine if 
Recovery Supplementation 
Program was successful or 

the effects of the recent 
transition to an Isolated 
Program. Primary/best 

production areas are above 
Sawtooth Hatchery.  Part of 

Idaho Supplementation 
study to be completed in 

2012.  
 

Monitor to determine if 
hatchery adults are only 

spawning naturally 
immediately below weir. 

 
Increase well water supply 
(pathogen free source) to  
fulfill production targets 

and to reduce disease 
problems.  

 
Improve spawner surveys 
below the hatchery weir. 

Develop broodstock 
management plan, 

discontinue ISS Phase III 
and reinitiate 

supplementation (Nez 
Perce). 

Snake R. Spr/ 
Summer 
Chinook 
(cont.) 

Upper Salmon 
R. (cont.) 

Panther Crk Passage through the 
Federal Columbia River 
Power System and water 

quality and channel 
complexity conditions 
that limit spawning and 

rearing success. 

None NA No Effect Potential for future 
Chinook reintroduction if 

mining cleanup is 
successful and mainstem 

survival is improved. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

   
 

Tucannon  
 

Isolated Fishery 
Program  

 
BPA/LSRCP 

funded 
 

ESA Section 7 
consultation 
pending an 

updated HGMP 

1983 - because non DPS 
broodstock are isolated from 
most but not all Tucannon 
steelhead spawning areas.  
The existing hatchery weir 

is 70% effective and the 
most important habitat is 

upstream.   

Phase out use of non 
Distinct Population 

Segment (DPS) broodstock 
and develop a locally 
derived broodstock, 

possibly using captive 
broodstock technology.   

Relocate the weir to 
increase its effectiveness 
(Nez Perce & WDFW). 

 

Tucannon R. A-
run steelhead 

 
 

Tucannon   
 

Supplementation 
Program  

 
BPA/LSRCP 

funded 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

2001 + because the 
supplementation program is 

intended to preserve and 
build genetic resources and 
boost the number of natural 
spawners.  To early for any 

significant results. 

Improve weir to benefit 
broodstock collection, 
eliminate out-of-DPS 
strays, and improve 

management of spawning 
escapement.  

Snake R 
Steelhead 
 

Lower Snake 

Asotin Crk A-run 
steelhead 

 None NA Unknown 
2005 survey revealed large 

numbers of unmarked 
steelhead in Asotin Crk.  
The origin of these fish 
needs to be determined. 

Continue to fund operation 
of the existing weir and 
spawning escapement. 

Fund genetic analysis of 
existing samples (WDFW). 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

L Clearwater A-
run steelhead 
(unique for the 
Clearwater) 

 
  

None NA No Effect 
No straying based on 

limited surveys  

None.  Improve monitoring 
of spawning escapement. 

 
Develop adult collection 
and juvenile acclimation 

facilities for supplementing 
NPT reservation 

tributaries. 
Place a weir in the Potlatch 

River (FWP proposal). 
 
 

Snake R 
Steelhead 
(cont.) 
 

Clearwater 

SF Clearwater B 
run steelhead.  

 
  

Dworshak and 
Clearwater 
Fishery and 

Supplementation
Program  

 
Dworshak funded 

by COE, 
Clearwater 

program funded 
by BPA/LSRCP.  

 
ESA Section 7 
consultation 
pending an 

updated HGMP 

1992 Unknown 
 Inadequate evaluation of 

these programs.   
 

200k Dworshak Hatchery 
smolts planted for 

supplementation. About 1 
million smolts are released 
annually without adequate 

evaluation of their naturally 
spawning and potential 

impacts. 
 

Straying is low (<10 fish 
over the last 5 years) based 

on weir operation in the  
Crooked and Red rivers. 

Improve monitoring of 
spawning escapement.  

Continue recently initiated 
evaluation (USFWS). 

 
More evaluation is 
necessary before   

assessing options for donor 
stock originating within the 

South Fork Clearwater 
River.  Identify new 

facilities needed to develop 
local stock.    
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

NF Clearwater B 
run steelhead 

Extirpated 
The Federal Dworshak 
Dam has taken this area 

out of steelhead 
production.  

Dworshak 
Fishery Program  

 
COE funded. 

 
ESA consultation 

pending an 
updated HGMP 

1969 + because whatever NF 
Clearwater genetic 

resources that remain exist 
in this program. 

 

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 

Lolo Creek B run 
steelhead. 

 
 

Dworshak  
 

BPA/LSRCP 
funded. 

 
ESA Section 7 
consultation 
pending an 

updated HGMP 

1999 Unknown  
Releases 50,000 smolts 

annually with inadequate 
evaluation. 

Improve monitoring of 
spawning escapement. 

 
Assess options for 

developing locally derived 
broodstock. 

 
 

Snake R 
Steelhead 
(cont.) 
 

Clearwater 
(cont.) 

Selway River B 
run steelhead 

Passage through the 
Federal Columbia River 

Power System.  Spawning 
and rearing areas are in 

Wilderness system.   
 
 

None NA Unknown Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 
 

Snake R 
Steelhead 
(cont.) 
 

Clearwater 
(cont.) 

Lochsa River B 
run steelhead 

Passage through the 
Federal Columbia River 

Power System.  Spawning 
and rearing areas are 

largely in wilderness & 
roadless systems.  

 
 

None NA Unknown 
Only 1-3% stray rate from 
Dworshak program (Fish 

Crk weir in lower Lochsa). 

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Little Salmon & 
Rapid  A run 
steelhead   

 
 

Little Salmon  
 

Fishery Program  
 

Idaho Power 
Company and 
BPA/LSRCP 

funded. 
 

ESA Section 7 
consultation 
pending an 

updated HGMP 

1980s Unknown or No 
Effect in Rapid River. 

– because naturally 
spawning hatchery fish 

(derived from outside the 
DPS) poses a potential risk 

to Little Salmon R. pop 
diversity and productivity. 

 
Inadequate evaluation of 
escapement and natural 

spawning of hatchery fish.  

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 

Terminate release of 
unmarked hatchery fish. 
Collect samples and 
conduct genetic analysis 
for fish from the Little 
Salmon (IDFG).  
Terminate release of 
Dworshak B steelhead.   

Salmon River 

SF Salmon R. B 
run steelhead 

 
 

None NA No Effect Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 
 

Snake R 
Steelhead 
(cont.) 
 

Salmon River 
(cont.) 

Secesh River B 
run steelhead 

 
 

None NA No Effect Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Big, Camas, Loon 
Creeks B run 
steelhead 

Passage through the 
Federal Columbia River 

Power System.  Spawning 
and rearing areas are in 

wilderness system. 
  
 

None NA No Effect  Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 
 

UMF Salmon R. B 
run steelhead 

Same as above   None NA No Effect Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 
 

Chamberlain Crk  
A-run steelhead 

Same as above   None NA No Effect Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 
 

Snake R 
Steelhead 
(cont.) 
 

Salmon River 
(cont.) 

Panther Crk A-run 
steelhead 

Extirpated due to mining 
effects. 

Panther Crk egg 
box releases 

1997 Unknown 
 Experimental 

reintroductions with egg 
boxes using Pahsimeroi fish 

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

NF Salmon  R. A-
run steelhead 

 
 

  -because naturally spawning 
hatchery fish derived from 
areas outside the DPS pose 

a potential risk to pop 
diversity and productivity. 

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 

Eliminate main-stem 
Salmon River releases in 
this reach (Nez Perce).  

Provide acclimation and 
adult collection facilities to 

reduce potential risk to 
diversity.  Terminate direct 

stream releases of out of 
DPS hatchery fish.   

 
 

Snake R 
Steelhead 
(cont.) 
 

Salmon River 
(cont.) 

Lemhi R. A-run 
steelhead 

 
 

  - because naturally 
spawning hatchery fish 

derived from areas outside 
the DPS pose a potential 
risk to pop diversity and 

productivity. 

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 

Terminate release of 
Pahsimeroi hatchery fish. 

Terminate mainstem 
Salmon River releases in 
this reach (Nez Perce).  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Pahsimeroi R A-
run steelhead 

 
 

Pahsimeroi  
 

Isolated Fishery 
Program  

 
Idaho Power 

Company funded 
 

ESA Section 10  
permit pending an 
updated HGMP 

and NEPA 

1969 No Effect on the ESA 
protected DPS.  

Strictly harvest mitigation 
for 3 private Hells Canyon 

Dams.  A weir near the 
confluence with the Salmon 

River allows only natural 
fish to escape into spawning 

areas.  
+ because genetic resources 

for areas taken out of 
production by the Hells 

Canyon Dams are contained 
in this program. 

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 

Develop a local 
broodstock. 

 
 

Snake R 
Steelhead 
(cont.) 
 

Salmon River 
(cont.) 

EF Salmon R. A-
run steelhead 
 
 
 
 
 

 East Fork 
Program 

 
BPA/LSRCP 

funded 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

2003 + Recovery Program 
temporarily boosts the 

number of natural spawners 
until factors limiting 

survival are addressed.  The 
population is at about 10% 

of its abundance goal. 
 

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

EF Salmon R. A-
run steelhead 
(cont.) 
 

 
 

East Fork  
 

Fishery 
Program/Squaw 

Crk Pond 

1982 Unknown 
 because naturally spawning 
hatchery fish (in the lower 6 

miles of the East Fork) 
derived from areas outside 

the basin (NF 
Clearwater/Dworshak) pose 

a potential risk to pop 
diversity and productivity.  

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 

Terminate Dworshak B  
releases and replace with 
locally derived source. 

 
 

Snake R 
Steelhead 
(cont.) 
 

Salmon River 
(cont.) 

Upper Salmon  R. 
A-run steelhead 

 Sawtooth  
 

Isolated Fishery 
Program 

(includes Yankee 
Fork and 

mainstem Upper 
Salmon R. 
releases)  

 
BPA/LSRCP 

funded. 
 

ESA Section 7 
consultation 
pending an 

updated HGMP  

1983 - because naturally 
spawning hatchery fish are 
derived from outside the 
DPS and pose a potential 
risk to pop diversity and 

productivity. 

 Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 

Terminate release of out of 
DPS hatchery fish into 

Valley Creek and Yankee 
Fork.   

 
Develop local upper 
Salmon River stock. 

 
Develop locally derived 
stock from Yankee Fork 
for supplementation into 

that tributary.  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Wallowa R.,  
(includes the 
Minam and 
Lostine rivers), A-
run steelhead 

Passage through the 
Federal Columbia River 

Power System.  Spawning 
and rearing areas are in a 

wilderness system.  
 
 

Wallowa  
 

Isolated Fishery 
Program at 
Wallowa 

Hatchery and at 
Big Canyon 

Pond.  
 

BPA/LSRCP 
funded 

 
ESA Section 7 
consultation 
pending an 

updated HGMP 

1982 - because hatchery fish are 
derived from areas outside 

the DPS and naturally 
spawning hatchery fish pose 

risk to pop diversity and 
productivity.  

  - because Wallowa 
steelhead strays pose risk to 
Deschutes and John Day 
steelhead populations. 
Planted steelhead reduced 
from 1.3 million to 870,000. 
The Minam R. is managed 
for wild production only 

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray into nearby 

streams or into other 
populations and DPSs. 

 
Reduce number of 
juveniles produced. 

Joseph Crk A-run 
steelhead 

 
 
 

None NA No Effect 
 No straying based on 

surveys. 

Improve escapement and 
natural productivity 

monitoring. 
 

Snake R 
Steelhead 
(cont.) 
 

Grande Ronde 
 

Up Gr Ronde R. 
A-run steelhead 

 None NA No Effect 
  Hatchery releases 

suspended in 1997.  Less 
than 1% straying from other 

areas. 

Continue monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
CTUIR operates weirs on 
Catherine Crk and on the 

upper Grande Ronde. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Lwr Gr Ronde R.,   Cottonwood Pond 
 

Isolated Fishery 
Program  

 
BPA/LSRCP 

funded. 
 

ESA Section 7 
consultation 
pending an 

updated HGMP 

1982 - because hatchery fish are 
derived from areas outside 

the DPS and naturally 
spawning hatchery fish pose 

a potential risk to pop 
diversity and productivity in 

Cottonwood, Rattlesnake 
and Menatchee creeks. 

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 

Transition to locally 
derived broodstock. 

Grande Ronde 
(cont.) 

Wenaha River A-
run steelhead 

Wenaha in wilderness.  
 
 

None NA   

Snake R 
Steelhead 
(cont.) 
 

Imnaha  Imnaha River A-
run steelhead 

 Little Sheep 
Fishery/ 

Recovery 
Program  

 
BPA/LSRCP 

funded. 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

1999 Unknown, 
but  Broodstock comprised 
of >10% natural origin fish 
in only 6 of last 14 years 

and natural origin fish 
comprised >50% of the 

natural spawners in only 2 
of last 14 years (high 
hatchery influence).  

Surveys indicate little or no 
straying by Little Sheep 

program fish. 

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
 

Incorporate natural adults 
from Big Sheep Creek and 
increase the proportion of 
natural-origin fish in the 

hatchery broodstock.  
Develop guidelines for 
reducing the proportion 

natural spawners 
comprised of hatchery fish 

(ODFW). 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Hells Canyon 
Tribs A run 
steelhead 

 Oxbow/Niagara 
Springs  

 
Isolated Fishery 

Program  
 

Idaho Power 
funded. 

 
ESA Section 10 

permit pending an 
updated HGMP 

and NEPA 

1984 - because straying by these 
fish poses potential risk to 
population productivity.  

The Oxbow program 
operates strictly to provide 

fishing opportunity as 
mitigation for the 3 private 

Hells Canyon Dams.  
Inadequate evaluation of 
this program to determine 

effects on steelhead 
viability. 

+ because genetic resources 
for areas taken out of 

production by the Hells 
Canyon Dams are contained 

in the program.  

Improve monitoring of 
spawning escapement to 

determine if hatchery 
adults stray to nearby 

natural production streams. 
Consider a program to 

reintroduce steelhead into 
Pine Crk (ODFW). 

 

Powder River Extirpated 
Taken out of production 

by the 3 private Hells 
Canyon Dams 

None NA Extirpated Population None 

Burnt River Extirpated 
Taken out of production 

by the 3 private Hells 
Canyon Dams 

None NA Extirpated Population None 

Snake R 
Steelhead 
(cont.) 
 

Hells Canyon 
 

Weiser River Extirpated 
Taken out of production 

by the 3 private Hells 
Canyon Dams 

None NA Extirpated Population None 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Fall 
Chinook 

Snake 
Mainstem 

Lower Mainstem 
Snake R 

More than 80% of the 
populations spawning 

area is blocked by Private 
Utility Dams and passage 

through the Federal 
Columbia R. Power 

System.  
Since proposed for ESA 
protection in 1990, the  
population has grown 

from <100 annual returns 
to between 2100 and 

5100. Available habitat 
may now be the primary 
limiting factor.  Hatchery 

strays from outside the 
basin pose a risk (approx 

1100 in 2003).  
Reduced harvest has 

contributed to increased  
natural spawners.  Fishing 
impacts from all fisheries 
(ocean and in-river) were 
66% between 1980-1995 
and 45% between 1996 

and 2003 (NMFS 05 
Biological Opinion). 
Total in-river harvest 
rates averaged 55% 

between 1986 and 1991 
and 26% between 1992 

and 2003 (CRIFC 
personal comm).  

Lyons Ferry 
program  

 
Fall Chinook 
Acclimation 

Project (FCAP)  
at Pittsburg 

Landin, Capt. 
John Rapids and 

Big Canyon.  
 

BPA/LSRCP. 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA   

1985 + because it has 
successfully jumpstarted 
natural production and 

improved spatial  
distribution. Also because 

the program includes 
genetic resources from areas 
taken out of production by 

the Hells Canyon Dams 
(i.e., the Marsing and 

Salmon Falls reaches). 
Since proposed for ESA 
protection in 1990, the  

population has grown from 
<100 annual returns to 

between 2100 and 5100. 
Hatchery intervention has 
accomplished its mission 

and successfully 
jumpstarted fall Chinook 
production.  Acclimation 

facilities located in natural 
spawning areas.  Pop 

abundance has been at or 
above the ESA recovery 

threshold in 2001and 03 (the 
ICTRT abundance threshold 

is 3,000 natural-origin 
spawners).  Productivity of 
natural origin fish has been 

>1:1.  
Continued high hatchery 
influence poses potential 
risks to the population. 

productiity and diversity. 
The proportion of naturally 
spawning HOF> proportion 

of NOF in the hatchery 
broodstock since 1992

Improve M&E of natural 
spawners and reproductive 

success of hatchery and 
natural adults.   

Increase proportion of 
natural fish into the 

hatchery broodstock. 
Promote population 

diversity by expanding 
adult collection capabilities 

in the Clearwater River 
and Hells Canyon.   

Develop long-term plan for 
reducing hatchery fish 
influence in some areas 

(i.e., proportion of 
hatchery fish spawning 
naturally) and eliminate 
hatchery fish juvenile 

releases in other areas to 
reduce risks to pop 

productivity and diversity.   
 

Control out of basin 
hatchery strays, primarily 
from the Umatilla River.  
Options include; increase 

removal of strays at Lower 
Granite Dam and improve 

the homing fidelity of 
Umatilla program. 

Increase Lwr Granite PIT 
tag sampling capabilities to 

M&E hatchery program 
performance.  



NOAA Fisheries                                                                       
May 5, 2008 
Supplemental Comprehensive Analysis                   Attachment 1 - Hatchery Effects Appendix 
 

54 

Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Fall 
Chinook 
(cont.) 

Snake 
Mainstem 
(cont.) 

Clearwater R. Passage through the 
Federal Columbia River 

Power System.  See lower 
Mainstem above for 

fishing impacts. 

Nez Perce   
 

Recovery and 
Fishery Program  

 
BPA funded. 

 
ESA Section 10 

permit pending an 
updated HGMP 

and NEPA 

1999 + because the program has 
jump-started production by 

boosting the number of 
natural spawners and 

increasing spatial 
distribution.   All releases 
are subyearling and all are 

marked. 400,00 of the 
intended 1.4 million releases 
designed to restore extinct 
early spawning life history 

form.   

Increase proportion of 
natural fish in the hatchery 

broodstock. 
 

Reduce reliance on 
collecting broodstock at 

Lyons Ferry Hatchery and 
Lower Granite Dam for 

Clearwater River 
supplementation program.  

Promote population 
diversity by relying on 
adults returning to the 

Clearwater River.  Develop 
an early spawning 

broodstock for introduction 
into the middle Fork 

Clearwater River.  
Collectively these actions 
should promote diversity 

by allowing local adaption 
to occur over time.  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Snake R. Fall 
Chinook 
(cont.) 

Snake 
Mainstem 
(cont.) 

Snake R Mainstem See Lower Mainstem 
 

Oxbow  
 

Isolated Fishery 
Program  

 
Idaho Power 

funded. 
 

ESA Section 10 
permit pending an 
updated HGMP 

and NEPA 

2001 - now because hatchery 
broodstock practices are 
isolated and because the 

high influence of  hatchery 
origin fish (proportion of 
hatchery origin natural 

spawners > proportion of 
natural origin natural 

spawners) increases risk to 
population productivity and 
diversity.  Managing Snake 

River fall Chinook as a 
single aggregate impedes 

the development of 
population diversity and 

potentially reduces 
productivity.  

Monitor to determine if 
Hells Canyon Dam 

releases are isolated. 
 

Develop adult collection 
facilities at Hells Canyon 
Dam.  Reduce reliance on 
collecting broodstock at 
Lyons Ferry Hatchery if 

the program is intended to 
produce fish that spawn 

naturally.   
 

Reduce proportion of 
hatchery fish in natural 

production areas.  
Reprogram hatchery 

releases out of a natural 
production area once 
natural returns exceed 

recovery objectives for one 
generation (to help 

determine if natural fish 
are self sufficient).   

 
Control out of basin 

hatchery strays, primarily 
from the Umatilla River.  
Options include; increase 

removal of strays at Lower 
Granite Dam and 

improving Umatilla 
program Chinook homing 

fidelity.  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Marsing Reach Extirpated 
 Taken out of production 

by 3 private Hells Canyon 
Dams 

None NA Extirpated Population  Snake R. Fall 
Chinook 
(cont.) 

Snake 
Mainstem 
(cont.) 

Salmon Falls Extirpated 
 Taken out of production 

by 3 private Hells Canyon 
Dams 

None NA Extirpated Population  

Redfish Lake  Stanley Basin  
Captive 

Broodstock 
Program  

 
BPA funded. 

 
ESA Section 10 

permit is pending, 

1991 + for preserving and 
building sockeye genetic 
resources until the factors 

limiting survival are 
addressed.    

Expanded facilities are 
needed to increase 

production of hatchery 
smolts to put available 

genetic resources to use 
and jumpstart or boost the 

number of natural 
spawners. 

Alturas Lake  Reintroductions 
form the Stanley 
Basin Recovery 

Program 

1990s + for reintroducing sockeye 
into this system. 

Same as above 

Pettit Lake  Reintroductions 
from the Stanley 
Basin Recovery 

Program 

1990s + for reintroducing sockeye 
into this system. 

Same as above  
 

Yellowbelly Lake  None NA None  

Snake R. 
Sockeye 

 

Stanley Lake  None NA None  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper 
Columbia  
Spring 
Chinook 

Wenatchee/ 
Methow 

Wenatchee R. Passage through the 
Federal Columbia River 

Power System and 
through three mainstem 
Columbia River Public 

Utility Dams, 
Leavenworth National 

Fish Hatchery strays and 
fish passage, stream flow, 

stream temperature, 
sedimentation and 

channel complexity 
conditions that limit 

spawning and rearing 
success. In Icicle Crk, fish 

passage, inadequate 
hatchery water diversion 

screening and late 
summer water quality and 

quantity limit 
productivity. 

Total mainstem treaty and 
non-treaty harvest rates 
averaged 27% between 
1960 and 1991 and 8% 
between 1992 and 2005 

(CRIFC personal comm). 
Nearly zero ocean fishing 

impacts 
 

Leavenworth 
National Fish 

Hatchery   
 

Isolated Hatchery 
Program operated 

to mitigate for 
areas taken out of 

spring chinook 
production by 
Federal Dam 

(Grande Coulee) 
construction and 

is designed to 
provide fish for 
treaty and public 

fishing.   
 

92% BPA and 8% 
BOR funded. 

 
ESA Section 7 

consultation is in 
place. 

1940 - because straying from the 
program poses a potential 

risk to population diversity 
and productivity.   Hatchery 

stock is not indigenous to 
the Wenatchee Basin, not 

included in the Upper 
Columbia Spring Chinook 

ESU, and they may 
comprise >5% of the natural 
spawners in areas important 
to spring Chinook recovery. 

Identify actions that would 
reduce straying by better 
isolating the program or 
that would reduce the 

impacts of limited straying 
by integrating the program. 
Consider transitioning to 

Chinook derived from 
Wenatchee Basin MSAs 
(e.g., surplus Chiwawa 

program fish collected at 
Tumwater Dam). 
Consider trapping 

Leavenworth hatchery 
strays at Tumwater Dam as 
a means to reduce impacts 

to primary production 
areas upstream (USFWS). 
For Chinook viability in 
Icicle Crk, develop Icicle 
Crk broodstock, improved 

adult passage and a 
redesigned screen over the 

hatchery water intake is 
needed.  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper 
Columbia  
Spring 
Chinook 
(cont.) 

Wenatchee/ 
Methow 
(cont.) 

Wenatchee R. 
(cont.) 

Same as above. Chiwawa 
Program.   

 
Integrated 
Hatchery 

Program designed 
to help Chiwawa 
Chinook become 
self-sustaining. 

Returning 
hatchery fish 

surplus to 
recovery needs 
can serve other 

purposes. 
 

Funded by 
Chelan County 

PUD for 
construction and 

continued 
operation of Rock 

Island Dam. 
 

ESA Section 10 
permit #1196 is in 

place. 

1989 + because the program has 
successfully jumpstarted 

Chinook production in the 
Chiwawa River and  

because it sustains spatial 
structure and the number of 
natural spawners until the 

factors limiting natural 
productivity are addressed.  

- because naturally 
spawning hatchery fish pose 

a potential risk to pop 
productivity and diversity in 

the Chiwawa and White 
rivers.  The number of 

juveniles planted into the 
Chiwawa sometimes results 
in larger adult returns than 

are needed to support 
recovery in the Chiwawa. 

Stray rates are high (>25%). 

Smolt releases in the 
Chiwawa should match the 
capacity of existing habitat 
in the Chiwawa.  
Changes smolt release sites 

to reduce straying.  
Establish protocols for 

reducing hatchery 
influence (PNI) phasing 

out the program as 
Chiwawa River Chinook 
become self-sustaining 

(NOAA). 
Develop additional 

acclimation/release sites to 
distribute returning adults 
throughout the watershed 

i.e., Nason Crk. Move 
broodstock collection to 

Tumwater Dam to 
incorporate genetic 
material from all  

spawning aggregates in the 
Wenatchee (Yakama 

Nation). In short-term, 
protocols should focus on 
increasing HOR & NOR 

natural spawners in 
spawning aggregates that 

have small numbers 
(Yakama Nation).  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper 
Columbia  
Spring 
Chinook 
(cont.) 

Wenatchee/ 
Methow 
(cont.) 

Wenatchee R. 
(cont.) 

Passage through the 
Federal Columbia River 

Power System and 
through three mainstem 
Columbia River Public 
Utility Dams, Chiwawa 
hatchery program strays. 

See Wenatchee for fishing 
impacts.  

White River  
Program.   

 
Captive 

Broodstock 
Program designed 

to help White 
River Chinook 
become self-
sustaining. 

   
Funded by Grant 
County PUD to 
mitigate for fish 

losses fom 
construction and 

operation of 
Priest Rapids 

Dam. 
 

ESA Section 10 
permit is pending 
the development 

of an HGMP. 

1999 + Recovery Program that is 
preserving and building 
genetic resources until 

limiting factors are 
addressed. 

Provide rearing and 
acclimation facilities, 
provide facilities to collect 
and monitor adult returns 
to the White River and  
establish protocols for 
phasing out the program as 
White River chinook 
become self-sustaining. 
 
Close the existing program 
and reallocate funds to 
address in-basin limiting 
factors (Yakama Nation). 
 
Expand natural acclimation 
facilities in the Little 
Wenatchee River with 
broodstock collection at 
Tumwater Dam (Yakama 
Nation).  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper 
Columbia  
Spring 
Chinook 
(cont.) 

Wenatchee/ 
Methow 
(cont.) 

Entiat River Passage through the 
Federal Columbia River 
Power System and four 

mainstem Columbia River 
Public Utility Dams, 
naturally spawning 

hatchery origin fish from 
Entiat National Fish 
Hatchery and fish 
passage, channel 

complexity and water 
quality conditions that 

limit spawning and 
rearing success.  

 
See Wenatchee for fishing 

impacts. 

Entiat National 
Fish Hatchery 

 
 Isolated 
Hatchery 

Program operated 
to mitigate for 

areas taken out of 
spring Chinook 
production by 
Federal Dam 

Construction and 
designed to 

provide fish for 
treaty and public 

fishing.  
 

92% BPA and 8% 
BOR funded to 

replace fish losses 
from Grande 
Coulee Dam 
construction. 

 
ESA Section 7 
consultation in 
place but new 
information is 

expected to 
trigger reinitiation 

of consultation 

1974 - because the program is not 
well isolated and naturally 

spawning hatchery fish pose 
substantial risk to 

population diversity and 
productivity.  Entiat 

Hatchery Chinook are not 
indigenous to the Entiat and 

not included in the UCR 
spring Chinook ESU 

1. Discontinue the Isolated 
Hatchery Program, 2. 

determine whether 
hatchery intervention to 

support Chinook recovery 
is appropriate, and 3. if 
hatchery intervention is 
determined appropriate, 
develop a new Hatchery 

and Genetic Management 
Plan for the Entiat. 

 
Develop a local broodstock 
from the natural spawning 
population and implement 
acclimated smolt releases 

at suitable sites in the 
upper Entiat Basin 
(Yakama Nation). 

 
Reprogram the hatchery to 

propagate summer 
Chinook which will 

decrease impacts on spring 
Chinook (Yakama Nation).  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper 
Columbia  
Spring 
Chinook 
(cont.) 

Wenatchee/ 
Methow 
(cont.) 

Methow  R. 
 

Passage through the 
Federal Columbia River 

Power System and 
through five mainstem 
Columbia River Public 

Utility Dams and stream 
flow, channel complexity, 

sedimentation and 
passage conditions that 

limit spawning and 
rearing success. 

 
See Wenatchee for fishing 

impacts 
 

Winthrop 
National Fish 

Hatchery  
 

Phasing into an 
Integrated 

Program to boost 
the number of 

natural spawners 
and help spring 

Chinook become 
self-sustaining. 

Returning 
hatchery fish 

surplus to 
recovery needs 
can be used for 
other purposes.   

 
92% BPA and 8% 

BOR funded to 
replace fish losses 

from the 
construction of 
Grande Coulee 

Dam. 
 

ESA Section 10 
permit # 1300 is 

in place. 

2001 + for preserving genetic 
resources when Chinook 

returns dropped to 
unprecedented low numbers 
and for sustaining naturally 

spawning and the spatial 
structure of Chinook until 
factors limiting Chinook 

productivity are addressed.  
  - because very few natural 
origin fish are incorporated 
into the broodstock program 

and  because  combining 
Methow R  and Chewuch R 
fish for hatchery broodstock 

reduces pop diversity.   

Develop individual 
properly Integrated 
Hatchery Programs 

(including supporting 
broodstock collection 

facilities and RM&E) for 
the Chewuch River and the 
mainstem Methow River 
that include the ability to 
collect natural-origin fish 

for broodstock, rear 
progeny separately and 

manage the proportion of 
natural spawners 

comprised of returning 
hatchery fish.  

Reduce hatchery influence 
on natural-origin fish as 
natural-origin Chinook 

viability improves. 
Ensure that program smolt 

release goals are met, 
improve juvenile 
acclimation sites 

(distributed at suitable 
locations in the watershed), 

enhance hatchery water 
supply and improve 

Bacterial Kidney Disease 
management options 

(Yakama Nation).  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper 
Columbia  
Spring 
Chinook 
(cont.) 
 

Wenatchee/ 
Methow 
(cont.) 

Methow  R. (cont.)        Same as above Methow Program 
  

Developing an 
Integrated 

Program to boost 
the number of 

natural spawners 
and help spring 

Chinook become 
self-sustaining. 

Returning 
hatchery fish 

surplus to 
recovery needs 
can be used for 
other purposes.   

 
Douglas County 
PUD funded to  
mitigate for fish 

losses from 
construction and 

operation of 
Wells Dam. 

 
ESA Section 10 

permit #1196 is in 
place. 

1998 +for preserving genetic 
resources when Chinook 

returns dropped to 
unprecedented low numbers 

and for sustaining the 
natural spawning  and 

spatial structure of Chinook 
until the factors limiting 
Chinook productivity are 

addressed.  
  - because very few natural 
origin fish are incorporated 
into the broodstock program 

and  because  combining 
Methow R  and Chewuch R 
fish for hatchery broodstock 

reduces pop diversity. 
Hatchery fish comprised 
97% of the broodstock in 
2001, 02 and 03.  For this 
same period, 96% of the 

naturally spawning fish in 
the Methow R have been 

hatchery origin (high 
hatchery influence). 

Develop individual 
properly Integrated 

Hatchery Programs for the 
Chewuch River and the 

mainstem Methow River 
that include the ability to 
collect natural-origin fish 

for broodstock, rear 
progeny separately manage 

the proportion of natural 
spawners comprised of 

returning hatchery fish and 
conduct RM&E to 

determine performance and 
facilitate adaptive 

management.  
Reduce hatchery influence 

on natural-origin fish as 
natural-origin Chinook 

viability improves. 
 

Ensure that program smolt 
goal is met, improve and 

expand juvenile 
acclimation/release sites in 

the watershed, enhance 
hatchery water supply and 
improve Bacterial Kidney 

Disease management 
options (Yakama Nation).  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper 
Columbia 
Spring 
Chinook 
(cont.) 
 

Wenatchee/ 
Methow 
(cont.) 

Methow R. Same as above Twisp Program  
 

Integrated 
Program designed 

to boost the 
number of natural 

spawners and 
help Twisp 

Chinook become 
self sustaining. 

 
Funded by 

Douglas County 
PUD to mitigate 

for fish losses 
from the 

construction and 
operation of 
Wells Dam. 

 
ESA Section 10 

permit #1196 is in 
place 

1992 + for preserving genetic 
resources and temporarily 

boosting the number of 
natural spawners. 

Broodstock comprised of 
57% hatchery origin fish 
between 2001 and 2003. 

Natural spawners comprised 
of 47% hatchery origin fish 

between 1998 and 2003 
(high hatchery influence). 

Modify the Twisp trap to 
allow the collection of 

broodstock and to avoid 
impacts to spring Chinook 

spatial distribution.   
Reduce hatchery influence 

on natural-origin fish as 
natural-origin Chinook 

viability improves. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Wenatchee/ 
Methow 
(cont.) 

Okanogan R. Extirpated Okanogan  
 

Fishery Program  
 

92% BPA and 8% 
BOR funded. 

ESA Section 10 
permit #1300 is in 

place. 

Sporadically 
since 2001 

No Effect 
 Surplus non ESU out of 
basin fish from Winthrop 

NFH are released into 
vacant habitat 

Implement Okanogan 
reintroduction HGMP & 

Master Plan using Methow 
donor fish (Colville Tribe).   
Test live-capture selective 

gear to collect hatchery 
broodstock & remove 

hatchery returns surplus to 
recovery needs while 

reducing harvest impacts 
on the population (Colville 

Tribe).    
Sanpoil R. Extirpated 

Grande Coulee Dam 
blocked all passage 

None NA Extirpated Population  

Kootenay R Extirpated 
Grande Coulee Dam 
blocked all passage 

None NA Extirpated Population  

Kettle/Colville 

Kettle/Colville Extirpated 
Grande Coulee Dam 
blocked all passage 

None NA Extirpated Population  

Spokane R Extirpated 
Grande Coulee Dam 
blocked all passage 

None NA Extirpated Population  

Upper 
Columbia 
Spring 
Chinook 
(cont.) 
 

Spokane 

Hangman Crk Extirpated  
Grande Coulee Dam 
blocked all passage 

None NA Extirpated Population  



NOAA Fisheries                                                                       
May 5, 2008 
Supplemental Comprehensive Analysis                   Attachment 1 - Hatchery Effects Appendix 
 

65 

Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper  
Columbia R 
Steelhead 

Entiat Entiat R. Passage through the 
Federal Columbia River 

Power System and 
through four mainstem 
Columbia River Public 
Utility Dams, and fish 

passage, channel 
complexity and water 
quality conditions that 

limit spawning and 
rearing success.   For 
fishing impacts, see 
Wenatchee (below).  

 
 

None NA Unknown.  
Straying from hatcheries 
outside the Entiat poses a 

potential risk to population 
productivity and diversity. 

Hatchery releases were 
discontinued in 1997.  The 

Entiat Basin is now 
managed for natural 

production only.   

Rare opportunity here to 
conduct scientific research 
and compare the progress 
and pace of recovery with 

and without hatchery 
intervention.    
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Upper  
Columbia R 
Steelhead 
(cont.) 

Wenatchee 
 

Wenatchee R. Passage through the 
Federal Columbia River 

Power System and 
through three mainstem 
Columbia River Public 
Utility Dams, and fish 
passage, stream flow, 
stream temperature, 
sedimentation and 

channel complexity 
conditions limit spawning 

and rearing success. 
 

Fishing impacts averaged 
13% in the mainstem 

Columbia and 2.5% in the 
Wenatchee between 1985 
and 1997 and 5% in the 

mainstem and zero in the 
Wenatchee after 1997. 

 

Wenatchee  
Program  

 
Chelan County 
Public Utility 

District funded. 
 

ESA Section 10 
permit #1395 is in 

place. 
 
 

1996 + for preserving and 
developing steelhead 

genetic resources and for 
boosting the number of 
natural spawners. This 
program reformed its 
broodstock collection 

practices phasing out Wells 
stock beginning in 1996. 

Now only uses known local 
Wenatchee fish and natural-
origin fish have comprised 

55% of the broodstock since 
1998.  Spawn timing the 
same for hatchery and 

natural-origin fish. Approx 
50% of the hatchery fish are 
AD clipped and the rest are 

elastomer tagged.  
- because high stray rates 
(20-40% measured upriver 

at Wells Dam) pose 
potential risks to Entiat, 
Methow and Okanogan 
steelhead diversity and 

productivity.  The program 
intentionally mixes 

Chiwawa and Nason 
steelhead. 

1. Radio tracking would 
determine where hatchery 
fish are actually spawning 
and the threat to steelhead 
diversity and productivity.  
2. Develop facilities that 

mimic natural water 
conditions for acclimating 

smolts and maturing 
adults. 3. Accelerate the 
start of fitness studies to 
determine hatchery fish 

productivity in the wild. 4. 
Develop program(s) that 

preserve and develop  
Chiwawa River and Nason 

Creek steelhead stock 
structure including RM&E 
to determine performance 

and facilitate adaptive 
management.  Reduce 
hatchery influence on 
natural-origin fish as 

natural-origin steelhead 
viability improves. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Passage through the 
Federal Columbia River 

Power System and 
through five mainstem 
Columbia River Public 

Utility Dams, and channel 
complexity, stream flow, 

fish passage and 
sedimentation conditions 
that limit spawning and 

rearing success. 
See Wenatchee for fishing 

impacts. 
 

Wells Program  
 

The program is 
poorly Integrated 
(mixes MSAs and 
uses few natural-
origin fish) and 
intends to boost 
the number of 

natural spawners. 
 

Douglas County 
PUD funded. 

 
ESA Section 10 

permit #1395 is in 
place 

1982 + for stepping in to 
preserve genetic resources 
and boosting the number of 

naturally spawning fish 
when natural origin 

steelhead returns were < 200 
fish for 5 of 6 years between 

1993 and 1998. 
 

- for risks to pop diversity 
and productivity by 

collecting broodstock at 
Wells Dam and then 

introducing these fish in 
different areas throughout 

the Methow Basin. Hatchery 
origin fish comprise >90% 

of all natural spawners 
which also poses risks to 

pop diversity and 
productivity.   

Develop facilities to 
promote stock structure 
and reduce risks to pop 

diversity and productivity.  
1. Develop, fund and 

follow new Hatchery and 
Genetic Management 

Plan(s) for individual MSA 
or MSAs that includes 

RM&E and protocols for 
phasing out hatchery 
influence as steelhead 

viability improves.  

Upper  
Columbia R 
Steelhead 
(cont.) 

Methow Methow R.  
 
There are 4 major 
spawning 
aggregates (MSA) 
of steelhead in the 
Methow system.  
All MSAs are at 
low risk for spatial 
distribution and 
high risk for 
genetic diversity. 

Same as above Winthrop 
National Fish 

Hatchery   
 

92% BPA and 8% 
BOR funded. 

 
ESA Section 10 

permit #1396 is in 
place 

1951 Same as above  Same as above  
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Passage through the 
Federal Columbia River 

Power System, five 
mainstem Columbia River 
Public Utility Dams, and 

stream temperature, 
sedimentation, fish 

passage, water quality and 
stream flow conditions 
that limit spawning and 

rearing success. 
Hatchery practices at the  
Wells program may be 

depressing natural 
productivity. 

See Wenatchee for fishing 
impacts. 

Wells Program  
 

The program is 
poorly Integrated 
(mixes MSAs and 
uses few natural-
origin fish) and 
intends to boost 
the number of 

natural spawners. 
 

Douglas County 
PUD funded. 

 
ESA Section 10 

permit #1395 is in 
place 

1982 + for stepping in to 
preserve genetic resources 
and boosting the number of 

naturally spawning fish 
when natural origin 

steelhead returns were < 200 
fish for 5 of 6 years between 

1993 and 1998. 
- for risks to pop diversity 

and productivity by 
collecting broodstock at 

Wells Dam and then 
introducing these fish in 

different areas throughout 
the Okanogan Basin. 
Hatchery origin fish 

comprise >90% of all 
natural spawners (high 

hatchery influence) which 
also poses a potential risk to 

pop diversity and 
productivity.   

Same as above 
Upgrade & expand  

broodstock collection and 
rearing capability at 

Cassimer Bar and use 
strictly Okanogan fish to 
increase the number of 

natural spawners (Colville 
Tribe). 

Test live-capture selective 
gear to collect hatchery 
broodstock & remove 

hatchery returns surplus to 
recovery needs while 

reducing harvest impacts 
on the population (Colville 

Tribe).    

Same as above 
 

Omak Crk  
Program  

BPA funded. 
ESA Section 10 

permit #1412 is in 
place. 

2003 + for preserving and 
building genetic resources 

and boosting the number of 
natural spawners 

 

 

Upper 
Columbia 
steelhead 
(cont.) 

Okanogan  Okanogan R. 

Same as above Salmon Crk 
Program  

 

2007 + for  preserving and 
building genetic resources 

and boosting the number of 
natural spawners 

This program will coincide 
with improved flows in 

Salmon Crk provided by 
the Okanogan Irrigation 

District. 
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Evolutionarily 
Significant 

Unit or 
Steelhead 
Distinct 

Population 
Segment  

Major 
Population 
Group or 

Strata 

Population Major Factor(s) 
Currently Limiting 

Population Recovery  
 

Hatchery 
Program 

Year the 
Current 

Hatchery 
Program 

was 
Initiated 

Hatchery Effects on  
Population Viability 

 
+ Denotes a Beneficial 
Effect and – Denotes a 

Risk or Threat to Viability 

 
 New Hatchery Actions 
that Potentially Could 

Contribute to Recovery 

Sanpoil R. Grande Coulee Dam 
Blocked all passage 

None NA Extirpated Population  

Kettle/Colville Grande Coulee Dam 
blocked all passage 

None NA Extirpated Population  

Pend Oreille R Grande Coulee Dam 
blocked all passage 

None NA Extirpated Population  

Kettle/Colville 

Kootenay R Grande Coulee Dam 
blocked all passage 

None NA Extirpated Population  

Spokane R Grande Coulee Dam 
blocked all passage 

None NA Extirpated Population  

Upper 
Columbia 
steelhead 
(cont.) 

Spokane 

Hangman Crk Grande Coulee Dam 
blocked all passage 

None NA Extirpated Population  
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Base Current Prospective Base Current Prospective

0.722 0.00725 Rich Zabel: pers. comm. Mar 26, 2007 e-mail providing 
TRT "Base" parameters used for life-cycle modeling.

0.852 0.868 0.00869 0.00914 March 28, 2008 COMPASS model estimates:  inriver 
survival and LGR to LGR SARs

0.722 0.852 0.868 0.00725 0.00869 0.00914 Best Estimate                                  
(LGR to BON inriver survival & LGR to LGR SARs)

1.181 1.018 1.199 1.052 Relative Adjustment

Base Current Prospective Base Current Prospective

0.899 Rich Zabel: pers. comm. Mar 20, 2007 e-mail providing 
TRT "Base" parameters used for life-cycle modeling.

0.869 0.857 0.01799 0.01801 March 28, 2008 COMPASS model estimates:  inriver 
survival and LGR to LGR SARs

0.899 0.869 0.857 0.01799 0.01801 Best Estimate                                  
(LGR to BON inriver survival & LGR to LGR SARs)

0.966 0.986  1.001 Relative Adjustment

1) Average "Base" (1980 to 2001 migration years) system survival (i.e., estimated number of fish surviving via inriver or transport to below BON) was estimated assuming:  Inriver survival = 
0.334; Proportion transported = 0.600; and % transport survival = 0.98; average "Current" and "Prospective" system survival was estimated using COMPASS.

2) The average "Base" (1980 to 2001 migration years) LGR to LGR SAR is estimated by applying the Current average inriver (( 0.01347) and transport ((0.00927)) SAR estimates generated by 
the COMPASS model to the Base inriver and transport system survival estimates:  0.00725 = (0.6*0.98*0.00927)+((1-0.6)*0.334*0.01347).  NOTE:  this equates to a "D" estimate of 0.688.

Populations     
Upstream       

of LGR

1) Average "Base" (1980 to 2001 migration years) system survival (i.e., estimated number of fish surviving via inriver or transport to below BON) was estimated assuming:  Inriver survival = 
0.265; Proportion transported = 0.887; and % transport survival = 0.98; average "Current" and "Prospective" system survival was estimated using COMPASS.

Snake River Steelhead
Relative Improvements from "Base" to "Current" to "Prospective" Hydro Survival Improvements for NMFS Draft BiOp

Snake River Spring Chinook Salmon
Relative Improvements from "Base" to "Current" to "Prospective" Hydro Survival Improvements for NMFS Draft BiOp

NOTE:  When Hydro and other Prospective Actions are added to a life-cycle model, the populations may grow to a point where density dependent effects occur; which would be equivalent to 
reducing the survival improvements.

Population
Avg System Survival Estimates 1

Avg Smolt to Adult Survival Estimates               
(Scheurell-Zabel Hypothesis) 2

Source

Populations     
Upstream       

of LGR

NOTE:  When Hydro and other Prospective Actions are added to a life-cycle model, the populations may grow to a point where density dependent effects occur; which would be equivalent to 
reducing the survival improvements.

Population
Avg System Survival Estimates 1

Avg Smolt to Adult Survival Estimates               
(Scheurell-Zabel Hypothesis) 

Source



Base Current Prospective Base Current Prospective

0.441
Rich Zabel: pers. comm. Mar 26, 2007 e-mail 
providing TRT "Base" parameters (RIS to BON) used 
for life-cycle modeling.

0.667 0.726 0.01056 0.01056 0.01052 March 28, 2008 COMPASS model estimates:  BON to 
RIS SAR estimates

0.662 0.823 0.823
Survival Estimates through Mid-Columbia River projects 
from 2002 Final Draft QAR Report and NMFS' Hydro 
Module.3

0.441 0.549 0.597 0.00466 0.00580 0.00629 Best Estimate                                  
(RIS to BON inriver survival & RIS to RIS SARs)

1.245 1.088 1.245 1.085 Relative Adjustment

0.666 Estimated MCN to BON survival of 66.6%                     
(RIS to BON = 0.441 / RIS to MCN = 0.662)

0.667 0.726 0.01056 0.01056 0.01052 March 28, 2008 COMPASS model estimates:  BON to 
RIS SAR estimates

0.573 0.757 0.765
Survival Estimates through Mid-Columbia River projects 
from 2002 Final Draft QAR Report and NMFS' Hydro 
Module.3

0.382 0.505 0.555 0.00403 0.00533 0.00584 Best Estimate                                  
(RRE to BON inriver survival & RRE to RIS SARs)

1.323 1.100 1.323 1.096 Relative Adjustment

0.666 Estimated MCN to BON survival of 66.6%                     
(RIS to BON = 0.441 / RIS to MCN = 0.662)

0.667 0.726 0.01056 0.01056 0.01052 March 28, 2008 COMPASS model estimates:  BON to 
RIS SAR estimates

0.511 0.728 0.736
Survival Estimates through Mid-Columbia River projects 
from 2002 Final Draft QAR Report and NMFS' Hydro 
Module.3

0.340 0.486 0.534 0.00359 0.00513 0.00562 Best Estimate                                  
(WEL to BON inriver survival & WEL to RIS SARs)

1.427 1.100 1.427 1.097 Relative Adjustment

2) Average "Base" (1980 to 2001 migration years) system survival was estimated assuming average system survival parameters; estimated SARs from COMPASS: average BON to RIS SAR of 0.01056 for Base and 
Current and 0.01052 for Prospective.

Entiat           
River           

(8 dams)

Methow         
and            

Okanogan       
Rivers          

(9 dams)

3) Final Draft QAR Report (Sept 2002):  Avg survival estimates (1982-1996) through Mid-Columbia River Dams (Table 18); NMFS Hydro Module - Mid-Columbia River Projects (2004-2009) - Table 4.1a; and (2010-2013) 
Table 4.1.b.

Wenatchee      
River           

(7 dams)

1) Average "Base" (1980 to 2001 migration years) system survival was estimated as 0.441 from Rock Island to Bonneville Dams (7 dams).

Upper Columbia River Spring Chinook Salmon
Relative Improvements from "Base" to "Current" to "Prospective" Hydro Survival Improvements for NMFS Draft BiOp
NOTE:  When Hydro and other Prospective Actions are added to a life-cycle model, the populations may grow to a point where density dependent effects occur; which would be equivalent to reducing the survival 
improvements.

Population
Avg System Survival Estimates 1

Avg Smolt to Adult Survival Estimates               
(Scheurell-Zabel Hypothesis) 2

Source



Base Current Prospective Base Current Prospective

0.468
Estimated as TRT "Base" inriver survival estimate 
(0.265) from LGR to BON (7 dams) (.827 per project 
survival)^4.

0.479 0.528 0.01369 0.01369 0.01364 March 28, 2008 COMPASS model estimates:  BON to 
RIS SAR estimates

0.690 0.727 0.814
Survival Estimates through Mid-Columbia River projects 
from 2002 Final Draft QAR Report and NMFS' Hydro 
Module. 3

0.323 0.349 0.430 0.00442 0.00477 0.00586 Best Estimate                                  
(RIS to BON inriver survival & RIS to RIS SARs)

1.080 1.234 1.080 1.229 Relative Adjustment

0.468
Estimated as TRT "Base" inriver survival estimate 
(0.265) from LGR to BON (7 dams) (.827 per project 
survival)^4.

0.479 0.528 0.01369 0.01369 0.01364 March 28, 2008 COMPASS model estimates:  BON to 
RIS SAR estimates

0.633 0.696 0.780
Survival Estimates through Mid-Columbia River projects 
from 2002 Final Draft QAR Report and NMFS' Hydro 
Module. 3

0.296 0.334 0.412 0.00405 0.00457 0.00562 Best Estimate                                  
(RRE to BON inriver survival & RRE to RIS SARs)

1.127 1.235 1.127 1.231 Relative Adjustment

0.468
Estimated as TRT "Base" inriver survival estimate 
(0.265) from LGR to BON (7 dams) (.827 per project 
survival)^4.

0.479 0.528 0.01369 0.01369 0.01364 March 28, 2008 COMPASS model estimates:  BON to 
RIS SAR estimates

0.549 0.670 0.750
Survival Estimates through Mid-Columbia River projects 
from 2002 Final Draft QAR Report and NMFS' Hydro 
Module. 3

0.257 0.321 0.396 0.00351 0.00440 0.00540 Best Estimate                                  
(WEL to BON inriver survival & WEL to RIS SARs)

1.251 1.234 1.251 1.229 Relative Adjustment

Methow         
and            

Okanogan       
Rivers          

(9 dams)

1) Average "Base" (1980 to 2001 migration years) Snake River steelhead inriver survival estimate (0.265) through 7 dams system equals an average pre project survival of 0.827.  0.827^4 = 
0.468 (and estimate of the average survival through the 4 lower Columbia River projects.  NOTE: an estimate of 0.827 per project likely overestimates the actual Base survival levels through the 
mainstem Columbia River projects.
2) Average "Base" (1980 to 2001 migration years) system survival was estimated assuming average system survival parameters; estimated SARs from COMPASS: average BON to RIS SAR of 
0.01354 for Base and Current and 0.01353 for Prospective.

3) Final Draft QAR Report (Sept 2002):  Avg survival estimates (1982-1996) through Mid-Columbia River Dams (Table 18); NMFS Hydro Module - Mid-Columbia River Projects (2004-2009) - 
Table 4.1a; and (2010-2013) Table 4.1.b.

Wenatchee      
River           

(7 dams)

Entiat           
River           

(8 dams)

Upper Columbia River Steelhead
Relative Improvements from "Base" to "Current" to "Prospective" Hydro Survival Improvements for NMFS Draft BiOp
NOTE:  When Hydro and other Prospective Actions are added to a life-cycle model, the populations may grow to a point where density dependent effects occur; which would be equivalent to 
reducing the survival improvements.

Population
Avg System Survival Estimates 1

Avg Smolt to Adult Survival Estimates               
(Scheurell-Zabel Hypothesis) 2

Source



Base Current Prospective

0.901
Estimated as TRT "Base" inriver survival estimate (0.265) from LGR to 
BON (7 dams) (.827 per project survival^1) corrected with relative 
"Current" survival estimates through the lower Columbia River.

0.900 0.903 March 28, 2008 COMPASS model estimates:  inriver survival.

0.901 0.900 0.903 Best Estimate

0.999 1.003 Relative Adjustment

0.732
Estimated as TRT "Base" inriver survival estimate (0.265) from LGR to 
BON (.827 per project survival^2) weighted by relative "Current" survival 
estimates through the lower Columbia River.

0.730 0.768 March 28, 2008 COMPASS model estimates:  inriver survival.

0.732 0.730 0.768 Best Estimate

0.998 1.051 Relative Adjustment

0.533
Estimated as TRT "Base" inriver survival estimate (0.265) from LGR to 
BON (.827 per project survival^3) weighted by relative "Current" survival 
estimates through the lower Columbia River.

0.536 0.579 March 28, 2008 COMPASS model estimates:  inriver survival.

0.533 0.536 0.579 Best Estimate

1.005 1.082 Relative Adjustment

0.468
Estimated as TRT "Base" inriver survival estimate (0.265) from LGR to 
BON (.827 per project survival^4) weighted by relative "Current" survival 
estimates through the lower Columbia River.

0.476 0.524 March 28, 2008 COMPASS model estimates:  inriver survival.

0.468 0.476 0.524 Best Estimate

1.018 1.102 Relative Adjustment

NOTE:  For MCR steelhead, no assumption is made regarding changes in SARs between the Base, Current, and Prospective periods.  It seems likely 
that improving passage conditions (Current and Prospective model output compared to estimated Base conditions) has reduced sub-lethal effects to 
some extent, which would, in turn, be likely to increase, by some unquantifiable amount, the average SAR's of these fish compared to SARs during the 
average Base period.  This analysis is therefore conservative in that it only estimates direct survival improvements and does not presume any positive 
adjustment related to likely increased SARs (reduced latent mortality) for populations in this DPS.

Yakima         
and            

Walla Walla      
Rivers          

(4 dams)

Bonneville       
Pool            

Tributaries      
(1 dam)

Deschutes       
River           

(2 dams)

Umatilla         
and            

John Day        
Rivers          

(3 dams)

1) Average "Base" (1980 to 2001 migration years) Snake River steelhead inriver survival estimate (0.265) through 7 dams system equals an average pre 
project survival of 0.827.  0.827^(# of dams) = the estimated average survival through the corresponding number of lower Columbia River projects.   
NOTE: an estimate of 0.827 per project likely overestimates the actual Base survival levels through the mainstem Columbia River projects.

Middle Columbia River Steelhead
Relative Improvements from "Base" to "Current" to "Prospective" Hydro Survival Improvements for NMFS Draft BiOp

NOTE:  When Hydro and other Prospective Actions are added to a life-cycle model, the populations may grow to a point where density dependent effects 
occur; which would be equivalent to reducing the survival improvements.

Population
Avg System Survival Estimates 1

Source



Mid Columbia Steelhead COMPASS modeling results (average project survival estimates)
Average estimates for analysis parameters
(Note:  spill survivals adjustments for steelhead at BON are included in these numbers.)

Project Survival Stock survivals

Bonneville The Dalles John Day McNary
Yakima  Walla 
Walla 

Umatilla, John 
Day Deschutes

Bonneville 
Pool

Current condition 70 year 0.900 0.811 0.728 0.876 0.476 0.536 0.730 0.900

Final RPA Average 0.903 0.850 0.748 0.892 0.524 0.579 0.768 0.903
absolute change 0.002 0.041 0.038 0.018 0.071 0.064 0.040 0.002
Relative Change 0.24% 4.80% 4.73% 1.99% 12.21% 10.03% 5.05% 0.24%

Est. Current 
Proj Survival 
(from 
COMPASS)

Deviation 
from current 
average per 
project 
survival 
(0.826)

Average Base 
project 
survival (.827 
per project)

Base project 
survival - 
corrected 
with current 
deviation 
estimates 

BON 0.900 1.089 0.827 0.901
TDA 0.811 0.982 0.827 0.812
JDA 0.728 0.881 0.827 0.729
MCN 0.876 1.061 0.827 0.877
avg per proj. 0.826 0.468 0.468

0.465

Cumulative 
Survival 
Current

Cum. Survival 
using average 
base

Cum. Survival 
using 
weighted 
base

Relative 
Adjustment 
using average 
base

Relative 
Adjustment 
using 
weighted 
base

BON 0.900 1 project 0.827 0.901 1 project 1.088 0.999 1 project
TDA 0.730 2 project 0.684 0.732 2 project 1.068 0.998 2 project
JDA 0.536 3 project 0.566 0.533 3 project 0.947 1.005 3 project
MCN 0.476 4 project 0.468 0.468 4 project 1.018 1.018 4 project



Snake River Spring/Summer Chinook
Average estimates for analysis parameters

"destined" 
for transport

Median day of arrival Proportion of population FCRPS Survival Composite BON-LGR SAR Whole 
population 
LGR-LGR 

SAR

In River 
Survival

In River 
Migrants Transported In River 

Migrants Transported Survival without "D" "D" estimate Survival with "D" In River 
Migrants Transported

Prospective Action 70 year 0.608 0.684 140.6 129.0 0.238 0.762 0.868 0.709 0.668 0.01289 0.00914 0.00914
Current Average 0.528 0.693 139.9 128.4 0.217 0.783 0.852 0.688 0.630 0.01347 0.00927 0.00869
Absolute Change 0.080 -0.010 0.741 0.588 0.022 -0.022 0.016 0.021 0.038 -0.001 0.000 0.000
Relative change 15.1% -1.4% 0.5% 0.5% 10.0% -2.8% 1.8% 3.1% 6.0% -4.3% -1.4% 5.2%
Prospective Action <65 KCFS 0.519 0.887 169.0 131.3 0.068 0.932 0.929 2.402 2.147 0.00391 0.00940 0.00836
Current n= 0.373 0.945 155.2 132.2 0.032 0.968 0.951 1.154 1.089 0.00800 0.00923 0.00855
Absolute Change 13 0.146 -0.058 13.722 -0.890 0.036 -0.036 -0.022 1.249 1.058 -0.004 0.000 0.000
Relative change 39.0% -6.1% 8.8% -0.7% 112.1% -3.7% -2.3% 108.2% 97.2% -51.1% 1.8% -2.2%
Prospective Action 65-80 KCFS 0.604 0.725 142.6 131.3 0.196 0.804 0.877 0.828 0.754 0.01168 0.00968 0.00882
Current n= 0.539 0.672 145.1 131.2 0.227 0.773 0.838 0.785 0.694 0.01202 0.00943 0.00834
Absolute Change 13 0.065 0.052 -2.491 0.196 -0.031 0.031 0.039 0.043 0.061 0.000 0.000 0.000
Relative change 12.1% 7.8% -1.7% 0.1% -13.8% 4.1% 4.7% 5.5% 8.8% -2.8% 2.6% 5.8%
Prospective Action 80-130 KCFS 0.631 0.635 132.7 128.4 0.278 0.722 0.853 0.605 0.607 0.01564 0.00945 0.00937
Current n= 0.567 0.646 135.2 127.2 0.248 0.752 0.834 0.610 0.587 0.01521 0.00928 0.00876
Absolute Change 36 0.064 -0.011 -2.469 1.243 0.030 -0.030 0.019 -0.005 0.020 0.000 0.000 0.001
Relative change 11.3% -1.7% -1.8% 1.0% 12.0% -3.9% 2.3% -0.9% 3.3% 2.8% 1.9% 7.0%
Prospective Action >130 KCFS 0.652 0.505 126.9 123.9 0.406 0.594 0.819 0.537 0.589 0.01705 0.00916 0.00993
Current n= 0.586 0.531 127.5 123.2 0.358 0.642 0.796 0.537 0.554 0.01689 0.00906 0.00922
Absolute Change 8 0.067 -0.026 -0.660 0.684 0.048 -0.048 0.023 0.001 0.035 0.000 0.000 0.001
Relative change 11.4% -4.8% -0.5% 0.6% 13.3% -7.4% 2.9% 0.1% 6.3% 1.0% 1.1% 7.7%
Prospective Action >65 KCFS 0.628 0.637 134.161 128.469 0.277 0.723 0.853 0.709 0.668 0.01493 0.00946 0.00932
Current n= 0.563 0.636 136.4 127.5 0.259 0.741 0.829 0.631 0.598 0.01472 0.00928 0.00873
Absolute Change 58 0.065 0.002 -2.220 0.925 0.018 -0.018 0.024 0.079 0.069 0.000 0.000 0.001
Relative change 11.5% 0.2% -1.6% 0.7% 7.1% -2.5% 2.9% 12.5% 11.6% 1.5% 1.9% 6.8%



Snake River Steelhead
Average estimates for analysis parameters

"destined" 
for transport

Median day of arrival Proportion of population FCRPS Survival Composite BON-LGR SAR Whole 
population 
LGR-LGR 

SAR

In River 
Survival

In River 
Migrants Transported In River 

Migrants Transported Survival without "D" "D" estimate Survival with "D" In River 
Migrants Transported

Prospective Action 70 year 0.385 0.771 138.1 133.4 0.125 0.875 0.857 1.608 1.303 0.01420 0.02283 0.01801
Current Average 0.331 0.817 137.8 133.5 0.086 0.914 0.869 1.525 1.282 0.01477 0.02253 0.01799
Absolute Change 0.055 -0.046 0.328 -0.125 0.039 -0.039 -0.012 0.082 0.021 -0.001 0.000 0.000
Relative change 16.6% -5.7% 0.2% -0.1% 45.2% -4.2% -1.4% 5.4% 1.6% -3.8% 1.3% 0.1%
Prospective Action <65 KCFS 0.091 0.890 168.5 136.0 0.013 0.987 0.882 3.645 3.190 0.00604 0.02201 0.01810
Current n= 0.075 0.936 159.3 136.8 0.007 0.993 0.921 2.051 1.886 0.01045 0.02143 0.01840
Absolute Change 13 0.016 -0.046 9.131 -0.796 0.006 -0.006 -0.039 1.595 1.304 -0.004 0.001 0.000
Relative change 21.6% -4.9% 5.7% -0.6% 90.6% -0.6% -4.3% 77.8% 69.2% -42.2% 2.7% -1.6%
Prospective Action 65-80 KCFS 0.289 0.793 141.1 135.0 0.077 0.923 0.836 1.565 1.276 0.01438 0.02250 0.01737
Current n= 0.245 0.788 144.3 135.6 0.074 0.926 0.823 1.499 1.209 0.01468 0.02200 0.01644
Absolute Change 13 0.044 0.005 -3.220 -0.625 0.002 -0.002 0.013 0.066 0.067 0.000 0.001 0.001
Relative change 17.8% 0.6% -2.2% -0.5% 3.3% -0.3% 1.6% 4.4% 5.5% -2.0% 2.3% 5.6%
Prospective Action 80-130 KCFS 0.475 0.751 129.6 132.7 0.147 0.853 0.857 1.383 1.136 0.01664 0.02301 0.01822
Current n= 0.407 0.806 131.4 132.6 0.096 0.904 0.869 1.409 1.192 0.01620 0.02283 0.01829
Absolute Change 36 0.069 -0.055 -1.865 0.158 0.051 -0.051 -0.012 -0.027 -0.056 0.000 0.000 0.000
Relative change 16.9% -6.8% -1.4% 0.1% 53.4% -5.7% -1.3% -1.9% -4.7% 2.7% 0.8% -0.4%
Prospective Action >130 KCFS 0.617 0.628 122.1 129.5 0.281 0.719 0.846 1.474 1.136 0.01619 0.02386 0.01795
Current n= 0.542 0.718 120.4 129.0 0.187 0.813 0.858 1.536 1.234 0.01552 0.02383 0.01851
Absolute Change 8 0.075 -0.090 1.659 0.505 0.095 -0.095 -0.012 -0.062 -0.097 0.001 0.000 -0.001
Relative change 13.8% -12.6% 1.4% 0.4% 50.7% -11.6% -1.4% -4.0% -7.9% 4.3% 0.1% -3.0%
Prospective Action >65 KCFS 0.453 0.743 131.157 132.793 0.150 0.850 0.851 1.608 1.303 0.01606 0.02302 0.01799
Current n= 0.389 0.790 132.8 132.8 0.104 0.896 0.857 1.446 0.786 0.01576 0.02278 0.01790
Absolute Change 58 0.064 -0.046 -1.679 0.028 0.046 -0.046 -0.006 0.162 0.517 0.000 0.000 0.000
Relative change 16.4% -5.9% -1.3% 0.0% 44.5% -5.2% -0.7% 11.2% 65.8% 2.0% 1.0% 0.5%



0 0 0

UC Chinook UC Steelhead
Average estimates for analysis parameters Average estimates for analysis parameters

In River 
Survival

Median day 
of arrival

Est. SAR 
BON-RIS

Est. RIS to 
RIS SAR In River Survival

Median 
day of 
arrival

Est. SAR 
BON-RIS

Est. RIS to 
RIS SAR

Prospective Action 70 year 0.726 149.1 0.01052 0.00767 Prospective Action 70 0.528 150.3 0.01364 0.00715
Current Average 0.667 149.0 0.01056 0.00707 Current Average 0.479 150.2 0.01369 0.00650
Absolute Change 0.059 0.100 0.000 0.001 Absolute Change 0.0489 0.1214 0.0000 0.0007
Relative change 8.82% 0.07% -0.33% 8.50% Relative change 10.19% 0.08% -0.35% 10.09%
Prospective Action <200,000 0.683 151.0 0.00976 0.00689 Prospective Action <200,000 0.306 150.0 0.01385 0.00569
Current n= 0.629 150.9 0.00981 0.00636 Current n= 0.279 149.9 0.01389 0.00515
Absolute Change 17 0.054 0.133 0.000 0.001 Absolute Change 17 0.0269 0.1300 0.0000 0.0005
Relative change 8.64% 0.09% -0.59% 7.64% Relative change 9.64% 0.09% -0.35% 10.42%
Prospective Action 0,000-325,0 0.736 148.4 0.01081 0.00796 Prospective Action 00,000-325,0 0.581 150.5 0.01353 0.00773
Current n= 0.674 148.4 0.01082 0.00732 Current n= 0.526 150.4 0.01354 0.00699
Absolute Change 46 0.061 0.038 0.000 0.001 Absolute Change 46 0.0548 0.0252 0.0000 0.0007
Relative change 9.07% 0.03% -0.10% 8.75% Relative change 10.41% 0.02% -0.03% 10.53%
Prospective Action >325,000 0.766 149.2 0.01051 0.00766 Prospective Action >325,000 0.721 149.9 0.01382 0.00690
Current n= 0.711 148.8 0.01064 0.00714 Current n= 0.658 149.2 0.01416 0.00649
Absolute Change 7 0.055 0.429 0.000 0.001 Absolute Change 7 0.0632 0.7329 -0.0003 0.0004
Relative change 7.70% 0.29% -1.26% 7.25% Relative change 9.62% 0.49% -2.39% 6.32%
Prospective Action >200,000 0.740 148.5 0.01077 0.00792 Prospective Action >325,000 0.599 150.4 0.01357 0.00762
Current n= 0.679 148.4 0.01080 0.00729 Current n= 0.544 150.3 0.01362 0.00693
Absolute Change 53 0.060 0.089 0.000 0.001 Absolute Change 53 0.0559 0.1187 0.0000 0.0007
Relative change 8.88% 0.06% -0.25% 8.56% Relative change 10.29% 0.08% -0.35% 10.01%



0 0

Relative change 0.30% 4.86% 2.95% 1.85% 10.24% 8.27% 5.17% 0.30%

Mid Columbia Steelhead
Average estimates for analysis parameters

P

Bonneville

roject Surviva

The Dalles

l

John Day McNary Yakima  
Walla Walla 

Stock survivals

Umatilla, John Day Deschutes Bonneville Pool

Prospective Action 70 0.903 0.850 0.748 0.892 0.524 0.579 0.768 0.903
Current Average 0.900 0.811 0.728 0.876 0.476 0.536 0.730 0.900
Absolute Change 0.003 0.039 0.021 0.016 0.048 0.044 0.038 0.003
Relative change 0.31% 4.82% 2.85% 1.86% 10.16% 8.16% 5.15% 0.31%
Prospective Action <200,000 0.879 0.813 0.525 0.813 0.312 0.378 0.714 0.879
Current n= 0.875 0.776 0.513 0.798 0.284 0.351 0.680 0.875
Absolute Change 17 0.003 0.036 0.012 0.015 0.028 0.027 0.034 0.003
Relative change 0.36% 4.69% 2.35% 1.92% 9.70% 7.55% 5.07% 0.36%
Prospective Action 0,000-325,0 0.912 0.860 0.802 0.914 0.577 0.630 0.784 0.912
Current n= 0.909 0.820 0.778 0.897 0.522 0.581 0.746 0.909
Absolute Change 46 0.003 0.039 0.024 0.017 0.054 0.049 0.039 0.003
Relative change 0.35% 4.80% 3.04% 1.91% 10.41% 8.36% 5.17% 0.35%
Prospective Action >325,000 0.897 0.880 0.936 0.941 0.696 0.739 0.790 0.897
Current n= 0.897 0.837 0.913 0.928 0.637 0.686 0.751 0.897
Absolute Change 7 0.000 0.044 0.023 0.013 0.059 0.053 0.039 0.000
Relative change -0.04% 5.23% 2.47% 1.41% 9.31% 7.80% 5.20% -0.04%
Prospective Action >325,000 0.910 0.862 0.820 0.918 0.593 0.644 0.785 0.910
Current n= 0.908 0.823 0.796 0.901 0.538 0.595 0.747 0.908
Absolute Change 53 0.003 0.040 0.024 0.017 0.055 0.049 0.039 0.003



Summary of Dam Passage Survival Estimates Generated by COMPASS 
Model - March 28, 2008 runs

Yearling 
Chinook

C
ur

re
nt

 D
am

 P
as

sa
ge

 S
ur

vi
va

l 
Es

tim
at

es

LGR LGS LMN IHR MCN JDA TDA BON
Average 0.964 0.960 0.938 0.966 0.942 0.918 0.914 0.971
Max value 0.969 0.970 0.956 0.967 0.950 0.943 0.919 0.971
75% 0.967 0.968 0.950 0.967 0.944 0.929 0.914 0.971
50% 0.966 0.966 0.948 0.966 0.941 0.919 0.914 0.971
25% 0.963 0.965 0.947 0.966 0.940 0.911 0.913 0.971
Min value 0.949 0.923 0.882 0.966 0.935 0.893 0.912 0.970

Steelhead LGR LGS LMN IHR MCN JDA TDA BON
Average 0.963 0.957 0.933 0.988 0.954 0.929 0.923 0.972
Max value 0.970 0.970 0.952 0.989 0.956 0.954 0.924 0.972
75% 0.968 0.968 0.947 0.988 0.955 0.934 0.923 0.972
50% 0.966 0.966 0.944 0.988 0.954 0.928 0.923 0.972
25% 0.964 0.964 0.938 0.988 0.953 0.923 0.923 0.971
Min value 0.945 0.945 0.881 0.987 0.952 0.917 0.923 0.970

Yearling 
Chinook

Pr
op

os
ed

 A
ct

io
n 

D
am
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as

sa
ge

 
Su
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al
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at
es

LGR LGS LMN IHR MCN JDA TDA BON
Average 0.969 0.972 0.961 0.973 0.961 0.932 0.955 0.975
Max value 0.973 0.975 0.966 0.977 0.964 0.960 0.969 0.976
75% 0.970 0.975 0.965 0.974 0.962 0.944 0.956 0.975
50% 0.969 0.974 0.962 0.973 0.962 0.934 0.956 0.975
25% 0.967 0.973 0.960 0.971 0.961 0.925 0.953 0.974
Min value 0.962 0.959 0.947 0.969 0.959 0.901 0.948 0.973

Steelhead LGR LGS LMN IHR MCN JDA TDA BON
Average 0.969 0.969 0.971 0.962 0.973 0.955 0.967 0.975
Max 0.974 0.974 0.975 0.969 0.974 0.975 0.977 0.976
75% 0.971 0.971 0.974 0.968 0.973 0.961 0.967 0.975
50% 0.969 0.969 0.973 0.965 0.973 0.955 0.967 0.975
25% 0.967 0.967 0.971 0.961 0.972 0.950 0.966 0.974
Min 0.964 0.964 0.959 0.937 0.970 0.943 0.963 0.973



NO USBR

Snake River Spring/Summer Chinook
Average estimates for analysis parameters

"destined" 
for transport

Median day of arrival Proportion of population FCRPS Survival Composite Bon-LGR SAR Whole 
population 
LGR-LGR 

SAR

In River 
Survival

In River 
Migrants Transported In River 

Migrants Transported Survival without "D" "D" estimate Survival with 
"D"

In River 
Migrants Transported

PA 70 year 0.608 0.684 140.6 129.0 0.238 0.762 0.868 0.709 0.668 0.01289 0.00914 0.00914
NO USBR Average 0.611 0.659 139.0 127.9 0.262 0.738 0.860 0.698 0.659 0.01344 0.00938 0.00926
absolute change -0.003 0.025 1.590 1.057 -0.024 0.024 0.008 0.012 0.009 -0.001 0.000 0.000
Relative change from -0.5% 3.8% 1.1% 0.8% -9.2% 3.3% 0.9% 1.7% 1.3% -4.1% -2.5% -1.3%NO USBR
PA <65 KCFS 0.519 0.887 169.0 131.3 0.068 0.932 0.929 2.402 2.147 0.00391 0.00940 0.00836
NO USBR n= 0.523 0.892 168.6 131.0 0.065 0.935 0.932 2.385 2.141 0.00393 0.00937 0.00839
absolute change 13 -0.005 -0.005 0.374 0.285 0.003 -0.003 -0.003 0.018 0.006 0.000 0.000 0.000
Relative change from -0.9% -0.5% 0.2% 0.2% 4.4% -0.3% -0.3% 0.7% 0.3% -0.5% 0.3% -0.4%NO USBR
PA 65-80 KCFS 0.604 0.725 142.6 131.3 0.196 0.804 0.877 0.828 0.754 0.01168 0.00968 0.00882
NO USBR n= 0.607 0.713 138.8 130.8 0.205 0.795 0.873 0.747 0.696 0.01290 0.00963 0.00895
absolute change 13 -0.004 0.012 3.789 0.498 -0.009 0.009 0.004 0.082 0.059 -0.001 0.000 0.000
Relative change from -0.6% 1.6% 2.7% 0.4% -4.6% 1.2% 0.4% 10.9% 8.4% -9.4% 0.5% -1.4%NO USBR
PA 80-130 KCFS 0.631 0.635 132.7 128.4 0.278 0.722 0.853 0.605 0.607 0.01564 0.00945 0.00937
NO USBR n= 0.634 0.604 131.3 127.0 0.307 0.693 0.843 0.578 0.593 0.01621 0.00936 0.00950
absolute change 36 -0.003 0.031 1.424 1.458 -0.029 0.029 0.010 0.027 0.014 -0.001 0.000 0.000
Relative change from -0.4% 5.2% 1.1% 1.1% -9.6% 4.2% 1.2% 4.7% 2.3% -3.5% 1.0% -1.4%NO USBR
PA >130 KCFS 0.652 0.505 126.9 123.9 0.406 0.594 0.819 0.537 0.589 0.01705 0.00916 0.00993
NO USBR n= 0.654 0.438 126.1 122.5 0.473 0.527 0.797 0.524 0.592 0.01728 0.00905 0.01012
absolute change 8 -0.001 0.067 0.737 1.416 -0.067 0.067 0.021 0.014 -0.003 0.000 0.000 0.000
Relative change from -0.2% 15.3% 0.6% 1.2% -14.2% 12.8% 2.7% 2.6% -0.6% -1.3% 1.3% -1.9%NO USBR
PA >65 KCFS 0.628 0.637 134.161 128.469 0.277 0.723 0.853 0.634 0.623 0.01493 0.00946 0.00932
NO USBR n= 0.631 0.605 132.3 127.2 0.307 0.693 0.844 0.601 0.605 0.01561 0.00938 0.00946
absolute change 58 -0.003 0.032 1.867 1.233 -0.030 0.030 0.010 0.033 0.018 -0.001 0.000 0.000
Relative change from -0.4% 5.3% 1.4% 1.0% -9.8% 4.4% 1.2% 5.4% 3.0% -4.3% 0.9% -1.5%



Snake River Steelhead
Average estimates for analysis parameters

"destined" 
for transport

Median day of arrival Proportion of population FCRPS Survival Composite Bon-LGR SAR Whole 
population 
LGR-LGR 

SAR

In River 
Survival

In River 
Migrants Transported In River 

Migrants Transported Survival without "D" "D" estimate Survival with 
"D"

In River 
Migrants Transported

PA 70 year 0.608 0.684 140.6 129.0 0.238 0.762 0.868 0.709 0.668 0.01289 0.00914 0.00914
NO USBR Average 0.611 0.659 139.0 127.9 0.262 0.738 0.860 0.698 0.659 0.01344 0.00938 0.00926
absolute change -0.003 0.025 1.590 1.057 -0.024 0.024 0.008 0.012 0.009 -0.001 0.000 0.000
Relative change from NO USBR -0.5% 3.8% 1.1% 0.8% -9.2% 3.3% 0.9% 1.7% 1.3% -4.1% -2.5% -1.3%
PA <65 KCFS 0.519 0.887 169.0 131.3 0.068 0.932 0.929 2.402 2.147 0.00391 0.00940 0.00836
NO USBR n= 0.523 0.892 168.6 131.0 0.065 0.935 0.932 2.385 2.141 0.00393 0.00937 0.00839
absolute change 13 -0.005 -0.005 0.374 0.285 0.003 -0.003 -0.003 0.018 0.006 0.000 0.000 0.000
Relative change from NO USBR -0.9% -0.5% 0.2% 0.2% 4.4% -0.3% -0.3% 0.7% 0.3% -0.5% 0.3% -0.4%
PA 65-80 KCFS 0.604 0.725 142.6 131.3 0.196 0.804 0.877 0.828 0.754 0.01168 0.00968 0.00882
NO USBR n= 0.607 0.713 138.8 130.8 0.205 0.795 0.873 0.747 0.696 0.01290 0.00963 0.00895
absolute change 13 -0.004 0.012 3.789 0.498 -0.009 0.009 0.004 0.082 0.059 -0.001 0.000 0.000
Relative change from NO USBR -0.6% 1.6% 2.7% 0.4% -4.6% 1.2% 0.4% 10.9% 8.4% -9.4% 0.5% -1.4%
PA 80-130 KCFS 0.631 0.635 132.7 128.4 0.278 0.722 0.853 0.605 0.607 0.01564 0.00945 0.00937
NO USBR n= 0.634 0.604 131.3 127.0 0.307 0.693 0.843 0.578 0.593 0.01621 0.00936 0.00950
absolute change 36 -0.003 0.031 1.424 1.458 -0.029 0.029 0.010 0.027 0.014 -0.001 0.000 0.000
Relative change from NO USBR -0.4% 5.2% 1.1% 1.1% -9.6% 4.2% 1.2% 4.7% 2.3% -3.5% 1.0% -1.4%
PA >130 KCFS 0.652 0.505 126.9 123.9 0.406 0.594 0.819 0.537 0.589 0.01705 0.00916 0.00993
NO USBR n= 0.654 0.438 126.1 122.5 0.473 0.527 0.797 0.524 0.592 0.01728 0.00905 0.01012
absolute change 8 -0.001 0.067 0.737 1.416 -0.067 0.067 0.021 0.014 -0.003 0.000 0.000 0.000
Relative change from NO USBR -0.2% 15.3% 0.6% 1.2% -14.2% 12.8% 2.7% 2.6% -0.6% -1.3% 1.3% -1.9%
PA >65 KCFS 0.628 0.637 134.161 128.469 0.277 0.723 0.853 0.634 0.623 0.01493 0.00946 0.00932
NO USBR n= 0.631 0.605 132.3 127.2 0.307 0.693 0.844 0.601 0.605 0.01561 0.00938 0.00946
absolute change 58 -0.003 0.032 1.867 1.233 -0.030 0.030 0.010 0.033 0.018 -0.001 0.000 0.000
Relative change from NO USBR -0.4% 5.3% 1.4% 1.0% -9.8% 4.4% 1.2% 5.4% 3.0% -4.3% 0.9% -1.5%



0 0 0

UC Chinook UC Steelhead
Average estimates for analysis parameters Average estimates for analysis parameters

In River 
Survival

Median day 
of arrival

Est. SAR 
BON-RIS

Est. RIS to 
RIS SAR

In River 
Survival

Median day 
of arrival

Est. SAR 
BON-RIS

Est. RIS to 
RIS SAR

PA 70 year 0.726 149.1 0.01052 0.00767 PA 70 0.528 150.3 0.01364 0.00715
No USBR Average 0.730 148.9 0.01061 0.00777 No USBR Average 0.545 150.0 0.01377 0.00746
absolute change -0.004 0.208 0.000 0.000 absolute change -0.0170 0.3264 -0.0001 -0.0003
Relative change from NO USBR -0.53% 0.14% -0.80% -1.31% Relative change from NO USBR -3.12% 0.22% -0.97% -4.08%
PA <200,000 0.683 151.0 0.00976 0.00689 PA <200,000 0.306 150.0 0.01385 0.00569
No USBR n= 0.686 152.1 0.00932 0.00641 No USBR n= 0.324 149.0 0.01423 0.00472
absolute change 17 -0.003 -1.059 0.000 0.000 absolute change 17 -0.0176 1.0088 -0.0004 0.0010
Relative change from NO USBR -0.43% -0.70% 4.69% 6.96% Relative change from NO USBR -5.43% 0.68% -2.69% 20.58%
PA 0,000-325,0 0.736 148.4 0.01081 0.00796 PA 00,000-325,0 0.581 150.5 0.01353 0.00773
No USBR n= 0.739 148.3 0.01090 0.00806 No USBR n= 0.600 149.6 0.01394 0.00832
absolute change 46 -0.003 0.170 0.000 0.000 absolute change 46 -0.0187 0.8287 -0.0004 -0.0006
Relative change from NO USBR -0.41% 0.11% -0.85% -1.26% Relative change from NO USBR -3.11% 0.55% -2.88% -7.14%
PA >325,000 0.766 149.2 0.01051 0.00766 PA >325,000 0.721 149.9 0.01382 0.00690
No USBR n= 0.777 145.7 0.01181 0.00918 No USBR n= 0.725 154.5 0.01159 0.00840
absolute change 7 -0.011 3.536 -0.001 -0.002 absolute change 7 -0.0045 -4.6314 0.0022 -0.0015
Relative change from NO USBR -1.42% 2.43% -11.00% -16.57% Relative change from NO USBR -0.62% -3.00% 19.21% -17.80%
PA >200,000 0.740 148.5 0.01077 0.00792 PA >325,000 0.599 150.4 0.01357 0.00762
No USBR n= 0.744 147.9 0.01102 0.00821 No USBR n= 0.616 150.3 0.01363 0.00833
absolute change 53 -0.004 0.614 0.000 0.000 absolute change 53 -0.0168 0.1075 -0.0001 -0.0007
Relative change from NO USBR -0.55% 0.42% -2.29% -3.52% Relative change from NO USBR -2.73% 0.07% -0.40% -8.56%



Average estimates for analysis parameters

0 0

Relative change from No USBR -1.13% -0.27% -1.90% -0.42% -3.84% -3.44% -1.42% -1.13%

Mid Columbia Steelhead

Bonneville

Project Surviv

The Dalles

al

John Day McNary Yakima  
Walla Walla 

Stock survivals

Umatilla, John Day Deschutes Bonneville 
Pool

PA 70 0.903 0.850 0.748 0.892 0.524 0.579 0.768 0.903
No USBR Average 0.905 0.853 0.765 0.897 0.545 0.599 0.773 0.905
absolute change -0.003 -0.003 -0.017 -0.005 -0.021 -0.020 -0.005 -0.003
Relative change from No USBR -0.31% -0.31% -2.17% -0.55% -3.82% -3.28% -0.69% -0.31%
PA <200,000 0.879 0.813 0.525 0.813 0.312 0.378 0.714 0.879
No USBR n= 0.858 0.816 0.544 0.822 0.324 0.387 0.701 0.858
absolute change 17 0.021 -0.004 -0.019 -0.008 -0.012 -0.010 0.013 0.021
Relative change from No USBR 2.44% -0.45% -3.49% -1.02% -3.68% -2.47% 1.88% 2.44%
PA 0,000-325,0 0.912 0.860 0.802 0.914 0.577 0.630 0.784 0.912
No USBR n= 0.920 0.862 0.820 0.919 0.600 0.651 0.793 0.920
absolute change 46 -0.007 -0.003 -0.017 -0.004 -0.023 -0.022 -0.009 -0.007
Relative change from No USBR -0.77% -0.29% -2.12% -0.49% -3.80% -3.31% -1.08% -0.77%
PA >325,000 0.897 0.880 0.936 0.941 0.696 0.739 0.790 0.897
No USBR n= 0.929 0.881 0.942 0.941 0.725 0.771 0.819 0.929
absolute change 7 -0.032 -0.001 -0.006 0.000 -0.030 -0.032 -0.029 -0.032
Relative change from No USBR -3.44% -0.12% -0.59% 0.05% -4.07% -4.12% -3.56% -3.44%
PA >325,000 0.910 0.862 0.820 0.918 0.593 0.644 0.785 0.910
No USBR n= 0.921 0.865 0.836 0.922 0.616 0.667 0.796 0.921
absolute change 53 -0.010 -0.002 -0.016 -0.004 -0.024 -0.023 -0.011 -0.010
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Memorandum – Final         F/NWR5 
            
To: Bruce Suzumoto 
 
From: Ritchie Graves and Gary Fredricks 
 
Date: April 21, 2008 
 
RE:   NMFS staff proposal to add an Inriver Survival Performance metric and evaluation 

process to monitor the expected RPA hydro performance benefits and to provide 
annual evaluations for consideration in the proposed RPA’s adaptive management 
process. 

 
Introduction:  
 
In addition to the Action Agencies’ (AAs’) proposed performance evaluation metrics (Juvenile 
Dam Passage Survival standard, Adult Performance standard, and Juvenile System Survival 
target - see BA, Section 2.1), NMFS staff recommends the addition of an Inriver Survival 
Performance Evaluation metric for inclusion in the FCRPS biological opinion.  For all intents 
and purposes, the proposed metric is identical to the Action Agencies proposed Juvenile System 
Survival targets for UCR spring Chinook salmon and steelhead and MCR steelhead – which 
migrate inriver (they are not collected and transported) to below Bonneville Dam.  The proposed 
metric would add an analogous performance evaluation metric for inriver migrating SR 
spring/summer Chinook salmon and steelhead to below Bonneville Dam1 and an evaluation 
method for assessing progress towards achieving the Juvenile System Survival targets for the 
other ESUs.    
 
NMFS staff concurs with the use of the three evaluation metrics proposed by the AAs, but 
believes the addition of an in-river survival metric for spring migrants is needed because the 
Juvenile Dam Passage Survival standard 1) is not evaluated each year at each dam and 2) does 
not include potential juvenile losses in the forebay or reservoir reaches.  NMFS staff proposes an 
Inriver Survival Performance Evaluation metric to better assess inriver survival through the 
system (Lower Granite to Bonneville for the Snake River ESUs).  The following sections 
describe the proposed metric, how the metric would be used in conjunction with the RPA’s 
adaptive management provisions, and additional considerations that should be considered to 
ensure the proper use of this metric in future years.   
 
In-River Survival Metric: 
 
The use of an Inriver Survival Performance metric has two distinct advantages compared to 
specific dam passage performance standards.  First, the use of PIT-tag data for in-river system 
survival metric is transparent and measurable annually. There is no need for interpretation of 
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1 A high proportion of SR spring/summer Chinook salmon and steelhead are collected at Lower Granite, Little 
Goose, and Lower Monumental dams and transported to below Bonneville Dam.   
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multiple year dam passage studies.  Second,  it likely captures more direct, indirect, and delayed 
effects of the hydro system (any effects that occur between the point of release and the 
Bonneville tailrace) including, but not limited to, avian and piscivorous predation, dam related 
injuries, and forebay mortalities (which have been shown to be significant sources of mortality at 
some dams).  It also can capture effects potentially unrelated to the hydro system (e.g. fish 
condition), however, these potentially unrelated effects can be neutralized to some degree 
through the evaluation study design. 
 
Presently, no acceptable method exists to adequately monitor in-river or system survival of 
juvenile Fall Chinook Salmon through the FCRPS.  This poses a severe limitation for monitoring 
and evaluating the performance of this ESU as they migrate through the FCRPS.  This issue is 
receiving attention and will continue to be addressed within ongoing RM&E collaboration 
processes and the COMPASS modeling forum. 
 
Process for Examination of In-river Survival: 
 
A. Stepwise outline for the in-river survival evaluation 
 
Before issuance of the biological opinion. 
 
Step 1.  Current reach survival estimates.  Determine the current route specific survival and 
passage parameters for each dam (already in COMPASS for 2006) and calibrate COMPASS to 
empirically derived in-river survival estimates determined under the current system configuration 
to assure that the reservoir survival functions reasonably reflect observed in-river survival 
estimates (already completed). To assess the likely relative effects of RPA hydro actions across a 
wide range of flow conditions (Comprehensive Analysis and Biological Opinion analysis), the 
COMPASS model provides biological output based on a 70-year historical record.  However, the 
model is also capable of providing biological output for a single year.   
 
Step 2.  Expected benefit estimates.  Determine prospective route specific passage and survival 
improvements that are proposed by the AA’s for the life of the BiOp (primarily Phase I actions 
listed in the BA).  Add these to current values determined in Step 1. These new values are 
currently included in the BA text, but will be specifically listed in the RPA for use in the annual 
COMPASS runs listed below. 
 
After issuance of the biological opinion. 
 
Step 3.  Near the end of each year as data become available, run COMPASS2 with prospective 
survival estimates (from Step 2) for the action items that were implemented at the start of the 
migration season to estimate the expected in-river survival (LGR to BON for SR fish, MCN to 
BON for UCR fish, etc.3) for that year.4  The current year data will include river conditions 
(flow, temp, turbidity, etc.,), fish migration patterns, and dam and transport operations.  The 

 
2 NMFS will coordinate and assist the action agencies in collecting the necessary information for COMPASS 
modeling each year. 
3 SR Chinook salmon and steelhead estimates will be used as surrogates for the other interior basin Chinook salmon 
and steelhead population until more ESU specific information becomes available. 
4 COMPASS will be used to model the fish distribution, passage route, and operational conditions experienced by 
the study fish (PIT tagged at present or potentially acoustic tagged in the future).  
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results of these runs will become the in-river survival comparison metric for the following annual 
and mid-term checks explained below. 5  
 
Step 4.  Each year, empirically measure in-river survival (LGR to BON and MCN to BON) with 
the best tagging method available at the time (PIT now, maybe active tag in the future).   
 
These results will be compared to the COMPASS model results for that year (step 3) to provide 
important information for the annual implementation of the adaptive management process 
required by the biological opinion.    
 
Step 5.  Comprehensive Report.  In 2012 and 2015, compare the expected in-river survival 
benefits (Step 3) from the past years of RPA implementation with empirical in-river survival 
estimates (Step 4).  AAs and NMFS will check to see that the COMPASS point estimate is 
within the 95 percent confidence interval (for survival of Snake River Sp/Su Chinook and 
Steelhead from Lower Granite Dam to Bonneville Tailrace) of the empirical estimate.  If or when 
COMPASS incorporates stochastic methods, this will be checked to determine if the 95 percent 
confidence interval for COMPASS overlaps with the 95 percent confidence interval of the 
empirical information. 
 
Comparable estimates would indicate that the expected benefits from the RPA actions 
implemented to date are likely accruing as expected.  Non-comparable estimates (especially 
cases in which the empirically derived in-river survival estimate is lower than that predicted by 
the COMPASS model) would trigger the adaptive management process to diagnose the cause of 
the discrepancy (expected benefits of RPA actions not fully achieved, model calibration issues, 
condition of study fish, other sources of mortality, etc.), and take  necessary corrective actions, 
which could include pursuing alternative survival improvement actions, modifying research 
priorities, obtaining additional information to better calibrate the COMPASS model, and 
implementing potential in-river actions (e.g. predator control, etc.) to assure that the expected 
benefits will be achieved within the span of the BiOp. 
 
Step 6.  NMFS Review.  In 2017, NMFS will assess, in coordination with regional co-managers, 
whether or not the 2013 to 2016 empirical in-river survival estimates support a conclusion that 
the RPA has achieved the expected in-river survival improvements initially estimated by the 
COMPASS model for the prospective condition. 
 
B.  Considerations: 
 
1.  Advantages:  Use of an inriver system survival metric has two distinct advantages compared 
to dam specific goals: 

• It is transparent and measurable annually; and   
• It likely captures more direct, indirect, and delayed effects of the hydro system (any 

effects that occur between the point of release and the Bonneville tailrace) including, but 
not limited to,  avian and piscivorous predation, dam related injuries, and forebay 
mortalities – which has been shown to be significant sources of mortality at some dams). 

 
5 NOTE:  This does not limit the future use of the COMPASS model.  NMFS or the Action Agencies could also use 
the model to compare the actual (empirically based route-specific survival and passage rates resulting from new 
construction or altered operations) to the expected benefits articulated in the RPA, or to the empirically derived 
inriver survival estimates (step 4) to provide further insights for consideration in the adaptive management process. 
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2.  Disadvantages:  Because current methodologies rely upon the single release PIT 
methodology, there are several weaknesses inherent in an in-river survival metric: 

• Estimates are derived from fish that use bypasses and bypass systems have been shown to 
be selective.  Active tag studies may be able to shed some light on this in the near future.  
Also, if PIT detection is expanded to RSW/TSWs in the future, estimates may be more 
representative of the entire population. 

• The accuracy of PIT in-river survival estimates decline downstream of McNary Dam and 
are generally least accurate for the John Day to Bonneville reach. 

• Fall Chinook in-river survival estimates do not truly represent survival because SR fall 
Chinook salmon are now known to residualize and over-winter in substantial numbers.  
Thus, in-river survival estimates actually represent the joint probability of migrating and 
survival, not just survival.  Furthermore, there is no established method for determining 
mortalities vs. fish that over-winter. 

 
3.  Measurement Concerns:  

• Currently, only lower Snake River ESUs are empirically evaluated for reach survival.  
Survival estimates for the other ESU would have to be based on the survival of these 
Snake River fish in the specific reaches that the other ESUs must pass through. 

• At present, single release PIT survival estimates are available from Lower Granite or 
McNary Dam downstream to Bonneville Dam tailrace for in-river migrating 
spring/summer Chinook, steelhead, and fall Chinook (the RPA does not rely upon 
COMPASS modeling or upon hydro survival improvements for fall Chinook.  This 
exercise is to make sure that current survival levels continue or are enhanced).  In the 
future, the use of acoustic tags or PIT tag detectors at non-bypass passage routes are 
likely, through ongoing RM&E efforts, to provide more accurate survival estimates, 
especially through the lower Columbia River reaches, that are more representative of the  
general population (i.e., ESUs or DPSs). 

 
4. Exclusions.   The in-river survival requirements will not apply to years of extreme low or high 
flows as follows: 

• Low Flow. Years in which average spring flows trigger “full transport” operations at the 
Snake projects (≤65 kcfs) will be excluded from consideration for fish originating above 
the collector projects because juvenile system survival under these extreme conditions 
will rely almost exclusively on transportation.  Also in-river PIT survival estimates would 
be substantially biased under this operation because they are virtually the only fish left to 
migrate, the predation rate can be much higher under these conditions than would 
otherwise be the case.   For Columbia River ESU’s, the survival requirement exclusion 
will apply when flows are at or below the lower fifth percentile of the 70 year average 
spring flow record (~140 kcfs) at McNary Dam. 

• High Flow.  Years in which the average spring flows exceed the upper 95 percentile of 
the 70 year average flow record (~350 kcfs at McNary and ~145 kcfs at Lower Granite) 
will also be excluded from consideration.   We recognize that these flow conditions will 
exceed the hydraulic capacity of the FCRPS projects for significant periods of the 
passage season and therefore limit the Action Agencies’ ability to manage fish passage.  
We would, however, expect the Agencies to implement appropriate debris management 
actions to help ensure safe fish passage under extreme high flow conditions. 
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Memorandum - Final                                                        F/NWR5 
 
To: Bruce Suzumoto 
 
From: Ritchie Graves and Gary Fredricks 
 
Date: April 24, 2008 
 
RE:      Estimation of Marine Mammal Predation Rates in the vicinity of Bonneville Dam 

for Base-to-Current to Prospective Adjustments. 
 
Summary of Recommended Base-to-Current Adjustments 
 
The analysis below supports an initial base-to-current adjustment of 0.915 (using radio 
telemetry data) to reflect the likely impact to spring Chinook salmon from sea lion 
predations in the Bonneville Dam tailrace.  This impact is comparable to minimum 
survival estimates (adjusted conversion rates based on PIT tagged fish) of adult Snake 
River spring Chinook salmon between Bonneville Dam and Lower Granite Dam.  A 
relatively conservative assumption regarding the effectiveness of authorized lethal take of 
“nuisance” sea lions in this area (estimated as about 30 individuals each year), yields an 
estimated additional base-to-current to prospective adjustment of 1.060.  Thus, the net 
base-to-current adjustment would be 0.970, an overall continuing impact of about 3.0% 
resulting from sea lion predation in approximately two-mile reach downstream of 
Bonneville Dam. 
 
For winter-run steelhead, the initial base-to-current adjustment is estimated at 0.782 
(adjusting the 7.8% steelhead consumption estimate based on visual observations by the 
spring Chinook Radio Telemetry to visual observation ratio of 2.8).  Using the same 
assumption used for spring Chinook salmon regarding the effectiveness of removing 
“nuisance” sea lions yields an estimated additional base-to-current adjustment of 1.182.  
The net base-to-current adjustment would be 0.924, an overall continuing impact of about 
7.6 percent from sea lion predation in the tailrace of Bonneville Dam.  
 
General Considerations 
 
Predation of adult salmon and steelhead by marine mammals – primarily by California 
sea lions – in the vicinity of the Bonneville Dam tailrace has increased in recent years.  
Starting in 2002, the Corps of Engineers began monitoring sea lions and estimating the 
number (and if possible, the species) of fish killed and consumed.  This monitoring has 
established that early migrating steelhead and spring migrating Chinook salmon are 
significantly impacted by these predators.  The purpose of this memorandum is to 
describe the methodology used by NOAA Fisheries to estimate the proportion of fish 
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taken by these predators (and assess the potential for measures to reduce these impacts) 
for use as an adjustment (Base-to-Current and Current-to-Prospective) in the life-cycle 
analysis of the affected populations. 
 
Estimation of Base Sea Lion Predation Impacts 
 
NOAA Fisheries assumes that sea lion predation during the Base period was extremely 
low (effectively zero) until recently (since 2001), when sea lions became more commonly 
viewed in the vicinity of Bonneville dam and observed of salmon and steelhead predation 
warranted further research.   
 
Estimation of Current Sea Lion Predation Impacts 
 
   Spring Migrating Chinook Salmon Based on Visual Observations 
Sea lions feed primarily on Chinook salmon once these fish begin to dominate the ladder 
counts at Bonneville Dam.  Estimating the Current rate of sea lion predation for SR 
spring/summer Chinook, UCR spring Chinook, and LCR spring Chinook salmon 
populations upstream of Bonneville Dam required a number of steps and calculations 
[See Attachment]. 
 
1) The number of Chinook salmon vulnerable to sea lion predation was estimated using 
Bonneville dam counts from January 1 to May 31 (1983 to 2007 data was considered). 
[See Attachment, column 2] 
 
2) The number of Chinook salmon estimated to be killed and eaten by sea lions was 
estimated using annual consumption rates (of all species) reported in WDFW et al. 
(2006), updated with 2007 estimates (Stansell 2007a). 
[See Attachment, column 4] 
 
These numbers were corrected to apply to Chinook salmon only by removing the number 
of steelhead estimated to have been killed and eaten by sea lions. 
[See Attachment, column 6] 
 
Subtracting the numbers in column 6 from those in column 4 leaves the estimated number 
of Chinook salmon consumed and eaten by sea lions. 
[See Attachment, column 7] 
 
3) NOAA Fisheries next assessed the years that would be most representative of the 
“Current” condition and determined that the take of Chinook salmon between 2004 and 
2007 appears to be relatively stable [see Attachment, column 7].  NOAA Fisheries 
considers the average take of Chinook salmon during these years to be the best estimate 
of “Current” sea lion predation levels. 
 
4)  The average proportion of Chinook salmon lost to sea lion predation was estimated as 
the average estimated number of Chinook salmon taken by sea lions (2004 to 2007) 
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divided by the average number of Chinook salmon taken by sea lions (2004 to 2007) 
taken plus the average number of Chinook salmon passing Bonneville Dam. 
See Attachment, Estimated Base-to-Current Adjustment [2004-2007 average values for 
column 7 / (column 7 + column 2)] 
 
This method estimates that the average proportion of Chinook salmon killed and eaten by 
sea lions in the vicinity of Bonneville Dam is approximately 3.0% [3,168 / (3,168 + 
101,488)].  This equates to a life cycle model adjustor of 0.97 for the affected 
populations.  Because this number is based on observed predation events, it should be 
considered a minimum estimate of the proportion of spring Chinook salmon killed by 
California sea lions. 
    
   Winter Migrating Steelhead Based on Visual Observations 
Sea lions feed primarily on steelhead (or other species like white sturgeon) until Chinook 
salmon begin to dominate the ladder counts at Bonneville Dam.  Using estimated 
steelhead numbers and steelhead dam counts at Bonneville between January 1 and March 
31, Robert Stansell (Corps of Engineers) estimated that 7.8% of the steelhead migrating 
during this time (likely to represent primarily winter run Lower Columbia River steelhead 
populations upstream of Bonneville Dam)1 are consumed by sea lions (Stansell 2007b).  
NOAA Fisheries considers this to be the best estimate currently available related to 
observed fish mortalities from California sea lions. 
 
   Spring Migrating Chinook Salmon Based on Adult Radio-Telemetry Studies 
Since 1997, researchers have captured and radio tagged adult spring Chinook salmon at 
Bonneville Dam to assess the survival and migration behavior of these fish through the 
hydrosystem.  As part of the protocols for these studies, fish were often released some 
distance downstream of Bonneville Dam.  Individuals were detected entering the tailrace 
of Bonneville Dam (in the vicinity of the juvenile bypass outfall, approximately two 
miles downstream of the dam), as well as in the upper sections of the adult fishways.  
Because this data includes both recent years during which sea lions have been consuming 
relatively constant numbers of Chinook salmon, as well as earlier years prior to the 
occurrence of substantial numbers of sea lions, comparisons of the tailrace survival 
estimates between these two periods can be used as a surrogate for the relative impact of 
sea lion predation on adult spring Chinook salmon survival (Table 1).   
 
Formal observation of the numbers of sea lions and their predation activities in the 
vicinity of Bonneville Dam began in 2002 because of concerns stemming from an 
apparent increase in the number of sea lions and observed acts of predation.  These 
observations (see Attachment) indicate that the number of Chinook salmon consumed by 
sea lions has been relatively constant since 2004. 
 

1. Estimate Base Period Passage Success 
Prior to 2001, the percentage of tagged (unknown origin) spring migrating Chinook 
salmon successfully migrating from the Bonneville Dam tailrace to the adult ladder exits 
                                                 
1 Interior basin steelhead ESUs do not begin migrating until mid-summer after sea lions have left the area 
for breeding colonies along the Pacific Coast.  
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(including fish that fall back at the dam and reascend) averages 96.1%, ranging from 
94.8% to 96.8% (1997, 1998, and 2000 studies). 
 
Table 1.  Passage Success of Spring Chinook Salmon at Bonneville Dam During Sea 
Lion Predation Season (Late march to End of May) - 1997 to 2007. 

Year # Entering 
Tailrace 

# Passing 
Dam 

# Falling 
Back 

# Re-
ascending 

% 
Successful 
Passage* 

19971 625 610 114 109 96.8% 
19981 616 597 84 71 94.8% 
20001 683 668 116 109 96.8% 
20012 511 491 33 29 95.3% 
20023 527 515 45 37 96.2% 
20033 659 606 41 39 91.7% 
20043 297 268 10 7 89.2% 

20063** 299 226 43 28 70.6% 
20073 228 203 16 9 86.0% 

Average of 1997, 1998, and 2000 96.1% 
Average of 2004 and 2007 87.6% 
*   calculated as:  (# passing dam - # falling back + # reascending) / # entering tailrace 
** 2006 is not used for calculating the estimated % successful passage in recent years (see text 
below).  
1  Tagged fish were of unknown origin. 
2  Tagged fish were of both known and unknown origin. 
3  Tagged fish were of known origin (interior Columbia River basin Chinook populations). 
 

2. Estimate Current Passage Success 
Since 2004, consumption rates and the number of sea lions in the vicinity of Bonneville 
Dam have been relatively constant.  Radio telemetry studies were conducted in 2004, 
2006, and 2007.  These studies indicate that passage success has ranged from 70.6% to 
89.2% during this period of time.   
 
However, the passage success estimate from the 2006 study likely overestimates the 
impact of sea lion predation.  In this year, the relatively constant number of fish tagged 
and released below Bonneville (typically 8 to 10 fish daily) comprised a 
disproportionately high percentage of the number of fish passing Bonneville dam early in 
the season.  Thus, these fish would have been consumed at higher rates (were 
disproportionally vulnerable to a relatively constant number of predators) than would 
have been the case if they were released in proportions similar to the observed pattern of 
migration at Bonneville Dam in 2006.  For this reason, 2006 data are removed from the 
average used to estimate the “Current” level of passage success. 
 
The average of the 2004 and 2006 studies is 87.6% (range of 86.0% to 89.2%).   
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Estimation of Base-to-Current Adjustment for Sea Lion Predation Impacts 
 
   Spring Chinook Salmon 
Using only the observed consumption of Chinook salmon by sea lions yields an estimate 
of 3.0%.  This could be used as a base-to-current adjustment, assuming that predation in 
this area was generally insignificant in the majority of years prior to 2001.  However, as 
previously explained, such an estimate should be viewed as a minimum estimate of the 
impact sea lions are having on the survival of spring Chinook salmon in the Bonneville 
Dam tailrace.   
 
Using differences in average passage success estimates based on radio-telemetry studies 
(see Table 1) yields a base-to-current adjustment of 8.5% (“Base Period’ estimate of 
96.1% minus the “Current” estimate of 87.6%).2  This number appears to be a reasonable 
estimate of the likely total impact of sea lions in the Bonneville tailrace as NOAA 
Fisheries has estimated between 3.6 and 12.6 percent of the listed spring Chinook salmon 
are likely being consumed in this area based on the bioenergetic needs of sea lions 
(NMFS 2008p).  Therefore, I recommend the use of 8.5% as the base-to-current 
adjustment (a multiplier of 0.915) representing the likely impact of sea lions on spring 
Chinook salmon populations migrating past Bonneville Dam since 2004 relative to the 
majority of prior years when sea lion predation was likely insignificant in this area. 
 
   Winter Steelhead - Corrected for Spring Chinook Radio-Telemetry Findings 
As discussed above, based on observations, an estimated 7.8% of the winter-run 
steelhead migrating between January 1 and March 31 are consumed by sea lions.  
However, the spring Chinook salmon radio-telemetry data (see analysis above) indicates 
that 2.8 times as many fish (8.5% / 3.0%) are likely being consumed than estimated using 
observational data alone.  Applying this correction factor to winter steelhead would yield 
an estimate of 21.8 percent.  Based on the relatively low numbers of steelhead passing 
Bonneville Dam during the winter months (0 to 140 individuals per day – Columbia 
River DART adult passage data for 2005 to 2008), even a small number of sea lions 
would be capable of consuming approximately 20% of the migrating fish. 
 
Assessment of Current-to-Prospective Sea Lion Predation Adjustment. 
Note: While these effects are referred to as "prospective," they reflect a current action 
that has been the subject of a completed ESA consultation. Therefore, this action is also a 
component of "base-to-current" survival adjustments in the SCA. 
 
   Spring Chinook Salmon 
NOAA Fisheries recently permitted the States of Oregon and Washington to remove 
(and, if necessary, euthanize) sea lions in the Columbia River downstream of Bonneville 
Dam (NMFS 2008o).  While the lethal take of up to 85 nuisance animals per year is 
authorized, it is expected that actual number of animals that will be removed each year is 

                                                 
2 NOTE: in addition to the impacts of sea lions, this approach captures any other differences that may have 
occurred between the pre- and post-sea lion periods (changes in harvest, dam operations, etc.)  However, at 
this time, NMFS is unaware of any hydro operations or harvest actions that would have decreased survival 
significantly in the Bonneville tailrace between the two periods.   
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closer to thirty (NMFS 2008p).  While the removal of individuals may not be wholly 
effective (depending upon the extent to which other individuals move into the area 
vacated by removals), this action should still substantially reduce the impacts of sea lions 
on spring migrating adult Chinook salmon. 
 
Removal of 30 sea lions per year would equate to the removal of approximately 35% of 
the average number of sea lions (86) currently estimated to be utilizing the Bonneville 
Dam tailrace.  Assuming a current impact of 8.50%, an absolute (maximum) reduction of 
nearly 3.0% (35% of 8.5%) could be attained if no sea lions moved into the Bonneville 
Dam tailrace to take the place of those removed.  A more conservative (and realistic) 
assumption would be that the removal of “nuisance” animals would result in a reduction 
of 10% each year, cumulatively.  Using this assumption, at the end of 10 years, the 
average consumption rate of spring-run Chinook salmon should be reduced to 3.0% 
(8.5% * 0.910).  Based on this analysis I recommend that the current to prospective 
adjustment for sea lion predation in the Bonneville Dam tailrace should be a reduction in 
average consumption from 8.5% to 3.0% annually (a multiplier of 1.060 calculated as 
.970 [future expected impact] / .915 [current estimated impact]). 
 
   Winter Steelhead 
Using the same assumption for winter steelhead (i.e., that removing “nuisance” animals 
would result in a reduction of 10% each year, cumulatively), I estimate that the average 
consumption rate of winter steelhead should be reduced to 7.60% (21.8% * 0.910).  Based 
on this analysis I recommend that the current to prospective adjustment for sea lion 
predation in the Bonneville Dam tailrace should be a reduction in average consumption 
from 21.8% to 7.6% annually (a multiplier of 1.182 calculated as 0.924 [future expected 
impact] / 0.782 [current estimated impact]). 
 
Qualitative Considerations 
 
Marine mammal predation can also cause indirect loss of adult salmon in the 
hydrosystem above Bonneville Dam.  Not all marine mammal predation attempts are 
successful.  These unsuccessful attempts often leave telltale marks on the intended prey 
fish.  These marks, characteristic descaling and flesh wound patterns, have been 
monitored on spring Chinook at the Lower Granite Dam adult salmon trap since 1990 
(Harmon 2008).  Of the marks observed, it is thought that the majority of the descaling is 
from encounters with harbor seals which are more likely to use clawed flippers to grasp 
and rake fish.  Considering only flesh wounds would more likely weight the analysis 
towards sea lion predation attempts.   Observations from 1990 to 2007 (no trapping in 
2004) indicate an average prevalence of flesh wounds on spring Chinook of 7.8% with a 
range of 4.7% to 14.1%.  However, if the data are split between pre and post sea lion 
build up in the Bonneville Dam tailrace area (i.e., pre vs post 2004) it is apparent that 
flesh wound prevalence has increased over time.  The average prevalence of wounds for 
the 14 years before 2004 was 6.9% (range 4.7% to 10.2%) compared to an average of 
12.3% (range 10.5% to 14.1%) for the three years of data after that year.   
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An estimate of loss attributable to marine mammal wounds can be made by monitoring 
the escapement of fish between Bonneville Dam and Lower Granite Dam and beyond.  In 
2002, the University of Idaho assessed escapement for known origin spring/summer 
chinook salmon with injuries (Clugston 20008). Fish with minor to moderate injuries 
survived at rates similar to fish without injuries and fish with severe injuries appeared, as 
expected, to have a lower escapement rate.  However, the numbers of fish in the severe 
injury category was too low (only 10 fish) to draw firm conclusions.  
 
Taken together, this information suggests that some additional, though unquantifiable, 
losses of adult spring Chinook salmon are occurring between Bonneville Dam and 
McNary Dam (for UCR spring Chinook salmon) and Lower Granite Dam (for SR spring-
run Chinook salmon) as a result of injuries due to sea lion predation attempts.  Thus, 
measures to reduce direct losses of adult Chinook salmon (through hazing, harassment, or 
removal activities) should also reduce the proportion of injured fish, and increase adult 
survival rates accordingly.  This benefit would be in addition to those estimated above. 
 
For a complete list of references, see Chapter 12 of the SCA: Literature Cited 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



NOAA Fisheries  
Seal Lion Predation Worksheet

March 27, 2008

Observed California Sea Lion Predation Assessment Spreadsheet
R. Graves (NMFS)

Year

Jan 1 to May 31 
Chinook passing 
BON dam (ladder 
counts) 1

Est. # of Chinook 
and steelhead 
passing BON 
dam 2

Est. # of 
Salmonids taken 
during the study 
period 3

Est. % of 
Salmonids taken 
during the study 
period. 3

Est. # 
(unexpanded) of 
Steelhead taken 
between Jan 1 
and May 31 5

Est. # of Chinook 
salmon taken 
between Jan 1 
and May 31 6

Est. % of Chinook 
salmon passing 
BON between Jan 
1 and May 31 
taken by sea lions 
7

1983 54,898 
1984 46,593 
1985 82,951 
1986 117,535 
1987 97,929 
1988 8,774 
1989 80,887 
1990 93,934 
1991 57,171 
1992 88,115 
1993 110,820 
1994 20,169 
1995 10,194 
1996 51,265 
1997 114,071 
1998 38,342 
1999 38,574 
2000 177,774 
2001 391,842 

2002 269,520 284,733 1010 0.4% 6 1004 0.4%
2003 195,770 217,185 2329 1.1% 10 2319 1.2%
2004 168,794 186,804 3533 1.9% 25 3508 2.0%
2005 74,053 82,006 2920 3.4% 31 2889 3.8%
2006 96,458 105,063 3023 2.8% 297 2726 2.7%
2007 66,646 88,474 3859 4.2% 311 3548 5.1%

1983 to 2003 
Average 102,244 
2004 to 2007 
Averages 101,488 115,587 3,334 166 3,168 3.0%

0.97Estimated Base to Current Adjustment 8

1 Dam Counts from Columbia River DART - 9-18-07

2 Numbers of salmonids (Chinook and steelhead) passing Bonneville Dam during ACOE study periods.  Sources:  Stansell 2004, ACOE, 
unpublished data for 2007.

3 Estimated number of salmonids taken by sea lions during the ACOE study period.  Sources:  Stansell 2004, ACOE, unpublished data for 2007.

8 2004-2007 average estimated percentage of Chinook salmon passing Bonneville Dam taken by sea lions between Jan 1 and May 31.  This 
represents NMFS' best estimate of the Base to Current adjustment stemming from marine mammal predation (primarily sea lions) in the Bonneville 
Dam tailrace.

5 Estimated number of steelhead taken between Jan 1 and May 31.  Source:  ACOE, upublished data - e-mail from Stansell to Graves dated Sept. 
17, 2007.

6 Calculated as Est. number of Chinook and steelhead taken by sea lions - estimated number of steelhead taken by sea lions.

4 Estimated percentage of salmonids taken by sea lions during the ACOE study period.  Sources:  Stansell 2004, ACOE, unpublished data for 
2007.

7 Estimated percentage of Chinook salmon passing Bonneville Dam taken by sea lions during between Jan 1 and May 31.

1
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Quantitative Analysis of Harvest Actions 
 
Most of the base-to-current survival changes attributable to changes in harvest 
management that are applied in the SCA are described in the February 8, 2008, 
memorandum from a US v Oregon Work Group to B. Suzumoto, which is included as 
Attachment 1 to this Appendix.  This memorandum estimates base-to-current survival 
multipliers for SR fall Chinook salmon and A- and B-run steelhead.  The steelhead 
estimates apply to SR steelhead (both A- and B-run), UCR steelhead (A-run), and MCR 
steelhead (A-run). 
 
The SCA includes estimates of current-to-future survival changes, some of which are not 
explicitly described in the memorandum for each species.  NOAA Fisheries derived these 
estimates by dividing base-to-future estimates by base-to-current estimates: 
 
SR fall Chinook:  1.16/1.09 = 1.06 for current-to-“expected” future multiplier 
B-run steelhead:   1.06/1.04 = 1.02 for current-to-“expected” future multiplier 
A-run steelhead:   1.034/1.041 = 0.99 for current-to-future multiplier 
 
Additionally, an estimate of base-to-current survival multipliers for SR spring/summer 
Chinook salmon was provided by the US v Oregon Work Group in May 2008 and the 
calculations were included in the Action Agencies’ August 2007 Comprehensive 
Analysis as Table G-1 of Appendix G.  That table is reproduced in this appendix as Table 
1.  The text originally accompanying the calculations states: 
 

“For spring Chinook we’ve included two lifecycle adjustments.  One is for a base 
managed under the Columbia River Fish Management Plan (CRFMP) that was in 
place for many years.  The other is for a base managed under an “adjusted 
CRFMP” for which we’ve calculated the harvest rates for 2000 through 2003 as a 
function of the relationship between the CRFMP and 05-07 Bridge for the years 
1996-1999.  This adjustment is our attempt to recognize that we likely would have 
managed these fisheries in recent years, despite large returns, so that harvest rates 
were less than those contemplated under the CRFMP.  Our approach of using a 
CRFMP-derived base and a 05-07 interim-agreement-derived current takes into 
account the abundance-based management scheme we’ve employed for these 
stocks.”   (Nigro, A.  2007.  Harvest lifecycle adjustments.  May 16, 2007, e-mail 
to J. Stier) 
 

NOAA Fisheries used the “adjusted CRFMP” option in the SCA calculations.
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Harvest Appendix Table 1.  Calculation of base-to-current survival multiplier, based on 
reductions in harvest during the base period, for SR spring/summer Chinook.  This table 
was previously included as Table G-1 in Appendix G of the August 2007 Comprehensive 
Analysis. 
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Memorandum To: Bruce Suzumoto  
From:   U.S. v Oregon Work Group 
Date:   February 8, 2008 
Subject:  Estimated Survival Adjustments for Expected Future  
   Steelhead and Snake River fall Chinook Harvest Rates 
 
The U.S. v. Oregon Parties have tentatively concluded a new agreement regarding the 
management of harvest and production activities in a significant portion of the Columbia 
River Basin.  The new agreement (2008 Agreement) would extend for ten years through 
2017.  Finalizing the 2008 Agreement requires completion of an ESA section 7 
consultation by the National Marine Fisheries Service (NOAA Fisheries) on the 
Agreement, and resolution of associated issues in the Federal Columbia River Power 
System (FCRPS) remand process.  NOAA Fisheries expects to complete biological 
opinions on the FCRPS and harvest actions described in the 2008 Agreement by mid-
March. 
 
Under the 2008 Agreement there will be no change from the 2005-2007 Agreement in 
harvest management provisions, with respect to overall ESA take limits for winter, 
spring, and summer season fisheries.  However, the 2008 Agreement does include two 
notable changes regarding management of fall season fisheries.  In recent years, fall 
season fisheries have been subject to fixed harvest rate constraints for both Snake River 
fall Chinook and B-run steelhead.  The 2008 Agreement includes abundance based 
harvest rate schedules for both stocks that allow fisheries to be more responsive to overall 
stock status.   
 
Since 1996 fall season fisheries in the Columbia River have been managed subject to a 
harvest rate limit of 31.29% for Snake River fall Chinook, a 30% reduction from the pre-
listing average harvest rate.  The new abundance based harvest schedule allows harvest to 
vary up or down from the current limits depending on the overall abundance of upriver 
fall Chinook and wild Snake River fall Chinook (Table 1).   
 
Wild summer steelhead and particularly B-run steelhead, are caught incidentally in fall 
fisheries that target upriver Chinook.  Although wild steelhead are not targeted in either 
Treaty Indian or non-Treaty fisheries, current incidental take limits can constrain access 
to fall Chinook. Prior to 1998, Columbia River fisheries were limited to a 34% impact 
limit for B-run steelhead. Since 1998 fall season fisheries in the Columbia River have 
been managed subject to an overall harvest rate limit for B-run steelhead of 17% with 2% 
allocated to non-Treaty fisheries and 15% to treaty Indian fisheries.  The new abundance 
based harvest rate schedule allows the tribal harvest rate to vary up or down from the 
status quo depending on the overall abundance of upriver fall Chinook and B-run 
steelhead (Table 2).   
 
Under the current agreement, non-Treaty fisheries are subject to a 2% harvest rate limit 
on A-run steelhead in spring and summer season fisheries and a 2% harvest rate limit in 
fall fisheries.  There are no specific constraints in tribal fisheries.  B-run steelhead are 
used as the constraining indicator stock.  Current management provisions for A-run 



steelhead will not change under the 2008 Agreement, but implementation of abundance 
based management during fall fisheries may result in increases in impacts to A-run 
steelhead. 
 
To evaluate the impact of the 2008 Agreement on productivity of A-run and B-run 
steelhead and SR fall Chinook salmon, we provide information consistent with the 
analytical approach described in Chapter 7 of the October 30, 2007, draft Supplemental 
Comprehensive Analysis (SCA) supporting the FCRPS biological opinion.  Parts of the 
SCA analysis rely on information in the August 2007 Comprehensive Analysis (CA) that 
the FCRPS action agencies submitted in support of their biological assessment.  The SCA 
considers, among other things, changes in survival that have occurred in recent years, and 
that may occur in the future as a result of various proposed activities.  The analysis relies 
on estimates of the change in survival by comparing “base” and “current” time periods, 
and subsequently by comparing “current” and “future” periods.  The final step is to 
calculate the “base-to-current” survival adjustment.  The initial base-to-current 
calculations for upriver bright Chinook (including Snake River fall Chinook), and A-run 
and B-run steelhead are reported in Appendix G of the CA.  The B-run steelhead analysis 
is reported in the Harvest Appendix of the SCA.   
 
The following sections update the initial base-to-current calculations for fall Chinook and 
B-run steelhead, and provide estimates for the subsequent current-to-future analytical 
step.  The analysis is also extended to provide alternative estimates of the base-to-future 
survival adjustments that are intended to better represent the range of likely outcomes.  In 
the first case, the harvest rate for the base time period is estimated using observed harvest 
rates, and for the future time period, maximum allowable rates.  This approach tends to 
underestimate the survival adjustment that may occur as a result of changes in harvest 
because it assumes that future fisheries will always be managed up to the harvest rate 
limit.  This method therefore provides a lower bound of the survival rate adjustment.  In 
fact, for both steelhead and fall Chinook, actual harvest rates have typically been less 
than those allowed.  In the second case, base harvest rates are again estimated using the 
observed harvest rates.  But future harvest rates are adjusted down to account for the 
expectation that actual harvest rates will continue to be, on average, less that allowable 
harvest rates.  The adjustment is done by multiplying the maximum allowable rates 
described above, by the proportion that represents the deviation between observed and 
allowable harvest rates in recent years.  This approach provides an upper bound to the 
survival rate adjustment.   
 
For steelhead we update the base-to-current calculations in Appendix G to reflect some 
minor changes in the catch data for both the non-Treaty and treaty Indian fisheries.  The 
subsequent current-to-future calculation accounts for the change in expected harvest rates 
in future fisheries that may result from implementation of the abundance based harvest 
rate schedules for fall fisheries.   
 
Survival Adjustments for Snake River Fall Chinook 
The first step in the analysis is to estimate the change in survival that has occurred as a 
result of reductions in harvest in recent years.  This is referred to as the base-to-current 
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survival adjustment.  The second step is to estimate the change in survival that can be 
expected as a consequence of implementing future fisheries - referred to as the current-to-
future survival adjustment.  The respective survival adjustments are then multiplied to 
calculate an overall base-to-future survival adjustment that represents the change in 
survival resulting from reductions in what fisheries used to be to what we expect them to 
be in the future1. 
 
Data regarding run size and harvest rates for Snake River fall Chinook are available for 
return years 1983 to 2006.  The harvest rate information reported in Table G-4 was used 
to calculate preliminary estimates of the base-to-current survival adjustment.   
 
The data provided in Table 3 is modified from that in Table G-4 of the CA.  Table 3 
shows the run sizes of upriver bright Chinook and Snake River fall Chinook since these 
are the two abundance indicators used in the harvest rate schedule (Table 1).  The 
observed harvest rates are the same as those in Table G-4.  The allowable harvest rates 
are the maximum harvest rates allowed for 1983 to 2006.  Note that the observed rates 
and the maximum allowable rates are identical for 1983 to 1991 return years.  Fall season 
fisheries were first subject to ESA related harvest rate limits in 1992.  Future harvest rates 
are those that would have been allowed in past years if the Table 1 had been applied 
retrospectively.   
 
The “base” period harvest rates are the harvest rates that were observed from 1983 to 
2003, as in Table G-4.  The average base period harvest rate was 0.354 with an associated 
survival of 0.646 (1 – HR = survival rate).   
 
The “current” harvest rate is re-defined to represent the allowable harvest rates from 1994 
to 2006.  The reason for using the allowable, rather than observed, recent harvest rates is 
because the U.S. v. Oregon parties consider these to be an indicator of the harvest rates 
that could occur in the future under current management practices (See the SCA Chapter 
8.5 for a similar discussion regarding use of maximum allowable to represent “current” 
steelhead harvest rates.)  The average “current” harvest rate is 0.298 with an associated 
survival of 0.702.  Note that, because allowable harvest rates are used to represent 
“current” survival in this analysis, the base-to-current adjustment will be less than that 
estimated in the Table G-4. 
 
Future allowable harvest rates are derived by applying the harvest rate schedule in Table 
1 to run sizes observed from 1983 to 2006.  The future allowable harvest rate was 
estimated using the 1983 to 2003 average to be consistent with the time frame used to 

                                                 
1 The CA uses a two step process to calculate what is in the end, a base-to-future survival adjustment.  The 
base-to-current survival adjustment is calculated as a ratio of average current/base survival rates; the 
current-to-future adjustment is calculated as a ratio of future/current survival rates.  The base-to-future 
survival adjustment is the product of the two ratios.  The base-to-future survival adjustment can therefore 
be calculated directly as a ratio of future/base survivals.   The choice of a value to represent the current 
average survival rate is therefore of no direct consequence to the end result since the “current” value 
cancels algebraically through the multiplication of the ratios (C/B * F/C = F/B).  Nevertheless, we provide 
estimates derived through the two step process in the analysis so that it continues to be consistent with the 
sequential analysis used in the CA. 
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estimate base period productivity.  The associated average harvest rate is 0.298 with an 
associated survival of 0.702.  The respective base-to-current, current-to-future, and base-
to-future survival adjustments are 1.09, 1.00, and 1.09.   
 
As discussed above, this approach is conservative and provides a likely lower bound on 
the survival adjustment that may result from harvest.  Since 1996 the fall season harvest 
has been subject to a 31.3% harvest rate limit.  From 1996 to 2006 the observed harvest 
rate has averaged 26.2% which is 0.837 of the allowable limit (0.262/0.313 = 0.837).  
This difference between the observed and allowable harvest rates can be used to 
approximate the survival adjustment that might occur as a result of implementing the 
harvest rate schedule.  The average future harvest rate using the allowable limits was 
0.298 (see above).  Alternatively, the expected harvest rate under future conditions can be 
estimated as 0.298 * 0.837 = 0.249, with an associated survival rate of 0.751.  The base-
to-future survival adjustment is calculated by dividing the alternative estimate of future 
survival rate by the survival rate observed during the base period – 0.751/0.646 = 1.162.  
The alternative base-to-future survival adjustments - 1.09 and 1.16 – again provide a 
reasonable range of likely outcomes. 
 
Survival Adjustments for B-Run Steelhead 
Data regarding run size and harvest rates for B-run steelhead are available for return 
years 1985 to 2006.  The Harvest Appendix in the SCA provided preliminary estimates of 
the base-to-current survival adjustment.  Here again we update the data and extend the 
analysis to include the current-to-future and alternative base-to-future survival 
adjustments. 
 
The data provided in Table 4 is modified from that provided in the Harvest Appendix.  
Table 4 shows the run size of upriver bright Chinook and the total river mouth return of 
B-run steelhead since these are the two abundance indicators used in the steelhead 
harvest schedule.  Estimates of the treaty Indian harvest rate are also updated and 
modified slightly from those reported in the Appendix.  Future harvest rates are those that 
would have been allowed in past years if the B-run harvest rate schedule is been applied 
retrospectively. 
 
The base period harvest rate was calculated as an average of the observed harvest rates 
for 1990 to 2003.  The resulting harvest rate is 0.202.  The current harvest rate is 0.170, 
the maximum allowed under existing ESA constraints.  The resulting survivals are 0.798 
and 0.830.  This is consistent with the approached used in the SCA.  The future harvest 
rate was projected based on application of the abundance based harvest rate schedule to 
all past years 1985 to 2006.  The implicit assumption of this retrospective analysis is that 
past circumstances can be used to describe expectations for the future.  The resulting 
projected average future harvest rate is 0.191 with an associated survival of 0.809.  The 
respective base-to-current, current-to-future, and base-to-future survival adjustments are 
1.04, 0.97, and 1.01 (Table 4). 
 
As discussed above, this approach is conservative and provides a likely lower bound on 
the survival adjustment that may result from harvest.  Since 1998 the fall season harvest 
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has been subject to a 17% harvest rate limit.  From 1998 to 2006 the observed harvest 
rate has averaged 13.8% which is 0.812 of the allowable limit (0.138/0.170 = 0.812).  
This difference between the observed and allowable harvest rates can be used to 
approximate the survival adjustment that might occur as a result of implementing the 
harvest rate schedule.  The future harvest rate using the allowable limits was 0.191 (see 
above).  Alternatively, the expected harvest rate under future conditions can be estimated 
as 0.191 * 0.812 = 0.155, with an associated survival rate of 0.845.  The base-to-future 
survival adjustment is calculated by dividing the alternative estimate of future survival 
rate by the survival rate observed during the base period – 0.845/0.798 = 1.06.  The 
alternative base-to-future survival adjustments - 1.01 and 1.06 - provide a reasonable 
range of likely outcomes. 
 
Survival Adjustment for A-Run Steelhead 
Data regarding run size and harvest rates for A-run steelhead are available for return 
years 1985 to 2006.  Table G-2 in Appendix G of the CA provided preliminary estimates 
of the base-to-current survival adjustment.  The harvest rate information used in 
Appendix G was updated for this analysis, but the changes were small and did not affect 
the previously calculated base-to-current survival adjustment of 1.04 (Table 5). 
 
For A-run steelhead it is next necessary to consider whether future harvest rates will 
increase as a result of implementing the 2008 Agreement.  A-run steelhead are caught in 
spring, summer, and fall season non-Treaty and treaty Indian fisheries.  Management 
provisions for non-Treaty fisheries will not change under the 2008 Agreement.  Spring 
and summer season treaty Indian fisheries will likewise be consistent with those used 
under the current management framework.  As a consequence, we expect that future 
harvest rates will be unchanged for these components of the fishery.   
 
For treaty Indian fall season fisheries it is necessary to consider whether there will be an 
increase in the harvest of A-run steelhead associated with the proposed 2008 Agreement.  
As noted above, B-run steelhead are used as the indicator stock for steelhead to limit 
fishery impacts in the treaty Indian fall season fisheries.  There are no specific harvest 
rate limits for A-run steelhead.  The retrospective analysis discussed in the preceding 
section suggests that harvest rates on B-run steelhead in the treaty Indian fall season 
fisheries may be higher than 15% about half the time.  The average of the allowable 
harvest rate limits in the tribal fishery from the retrospective analysis is 17.1% (Table 4, 
19.09 – 2.0 = 17.1; the 2% is the allowable harvest rate in non-Treaty fall fisheries).  This 
represents a 14% increase over the current fall season harvest rate limit of 15% (17.1/15.0 
= 1.14).  It does not necessarily follow that harvest rates on A-run steelhead will also 
increase, but A-run and B-run harvest rates are loosely correlated.  It is therefore 
reasonable to assume that A-run harvest rates will increase in proportion to B-run harvest 
rates.  If we assume that the tribal fall season harvest rates will increase by 14% in 
proportion to the expected increase for B-run steelhead, the expected future total harvest 
rate would increase by 8.9%.  (The calculation accounts for the fact that only the fall 
component of the tribal fishery is expected to increase.)  The expected future harvest rate 
in the tribal fishery therefore increases from 7.26% to 7.91% (0.0726 * 1.089 = 0.0791)  
(Table 5).  The expected future harvest rate, including non-treaty fisheries is 9.39%.  The 
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associated base-to-current and base-to-future survival adjustments are 1.041 and 1.034, 
respectively (Table 5).   
 
Qualitative Considerations Related to Abundance-Based Management  
The structure of the CA is limited in that it allows only for calculation of the average 
change in survival rate as a consequence of an action.  However, abundance based 
harvest rate schedules are, by definition, variable and thus provide greater protection to 
the population when run sizes are low and associated protections are most important, 
while allowing higher harvest rates when abundance is high.  For fall Chinook, for 
example, the abundance based harvest rate schedule is structured such that higher harvest 
rates are allowed when there is a reasonable likelihood that the recovery abundance 
objective of 3,000 wild spawners would be achieved. Table 1 includes a column showing 
expected escapements past fisheries.  For example, for a run size of 8,000 Snake River 
wild fall Chinook, the harvest rate may go up to 45% with an expected post-fisheries 
escapement of 4,400.  Even with significant subsequent upstream passage losses, the 
expected escapement to Lower Granite Dam would be in excess of 3,000 spawners.   
 
Biological risk assessments confirm that adjustment of impacts downward in years of low 
abundance provides additional protection during those years when populations are at the 
highest risk. A management response to low abundance reduces the quasi extinction risk 
to the populations and also provides a compensatory response to low spawner abundance 
that could otherwise delay population response to recovery actions. Although we 
recognize the difficulty in quantifying the survival benefit of abundance-based 
management at low abundance for fall Chinook and steelhead consistent with the CA 
analysis, we believe it is appropriate to consider the benefits as a positive contributor 
when assessing the future survival of Snake River wild fall Chinook and B-run wild 
steelhead. 
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Table 1. Proposed Fall Chinook Harvest Rate Schedule 
 
                  
  State/Tribal Proposed  Snake River Fall Chinook Harvest Rate Schedule    
                    

  

Expected 
URB 
River 
Mouth 

Run Size   

Expected 
River 
Mouth 
Snake 
River 

Wild Run 
Size 1 

Treaty 
Total  

Harvest 
Rate 

Non-
Treaty 

Harvest 
Rate 

Total 
Harvest 

Rate 

Expected 
Escapement 
of Snake R. 
Wild  Past 
Fisheries    

< 60,000 < 1,000 20% 1.50% 21.50% 784    
  60,000  1,000 23% 4% 27.00% 730    

  120,000  2,000 23% 8.25% 31.25% 1,375    
> 200,000  5,000 25% 8.25% 33.25% 3,338    

     6,000 27% 11% 38.00% 3,720    
     8,000 30% 15% 45.00% 4,400    
                    
  Footnotes for Table.               

  
1. If the Snake River natural fall Chinook forecast is less than level corresponding to an aggregate URB run size, 
the allowable mortality rate will be based on the Snake River natural fall Chinook run size.  

  
2. Treaty Fisheries include: Zone 6 Ceremonial, subsistence, and commercial fisheries from August 1-December 
31.    

  

3.  Non-Treaty Fisheries include: Commercial and recreational fisheries in Zones 1-5  and mainstem recreational 
fisheries from Bonneville Dam upstream to the confluence of the Snake River and commercial and recreation SAFE 
(Selective Areas Fisheries Evaluation) fisheries from August 1-December 31.  

  
4.  The Treaty Tribes and the States of Oregon and Washington may agree to a fishery for the Treaty Tribes below 
Bonneville Dam not to exceed the harvest rates provided for in this Agreement. 

  5.  Fishery impacts in Hanford sport fisheries count in calculations of the percent of harvestable surplus achieved. 

  

6.  When expected river-mouth run sizes of naturally produced Snake River Fall Chinook equal or exceed 
6,000, the states reserve the option to allocate some proportion of the non-treaty harvest rate to supplement 
fall Chinook directed fisheries in the Snake River.   

                    
 
Table 2. Proposed Abundance Based Harvest Rate Schedule for Steelhead. 
 
               
   Up-River Summer Steelhead Total B Harvest Rate Schedule 
                

  

Forecast 
Bonneville 

Total B 
Steelhead Run 

Size 

River 
Mouth 
URB 
Run 
Size  

Treaty 
Total B 
Harvest 

Rate 

Non-
Treaty  
wild B 

Harvest 
Rate 

Total 
Harvest 

Rate    
< 20,000 Any 13% 2.0% 15.0%    
  20,000 Any 15% 2.0% 17.0%    

  35,000 >200,000 20% 2.0% 22.0%    
          
                



Table 3.  Estimated Survival Adjustments for Snake River Fall Chinook     
         

Year Upriver Bright Run Size Snake River 
wild Run Size 

Total Observed 
Harvest Rate 

(%) 

Total Allowable 
Harvest Rate 

(%)1 

Total "Future" 
Harvest Rate 

(%)2 
   

1983 86,100 1,051 19.72 19.72 27.00 Survivals using future harvest rate  
1984 131,400 1,728 42.12 42.12 27.00 Base (1983-2003) 0.65  
1985 196,400 2,015 46.41 46.41 31.25 Current (1994-2006) 0.70  
1986 281,600 3,429 56.78 56.78 31.25 Allowable Future (1983-2003) 0.70  
1987 420,700 2,173 57.05 57.05 31.25 Expected Future  0.75  
1988 339,900 4,643 63.71 63.71 31.25    
1989 261,300 2,356 57.14 57.14 31.25 Lifecycle adjustments   
1990 153,600 575 53.09 53.09 21.50 (Base-to-Current) 1.09  
1991 103,300 2,047 40.15 40.15 27.00 (Current-to-Allowable Future) 1.00  
1992 81,000 1,338 26.32 28.20 27.00 (Base-to Allowable Future) 1.09  
1993 102,900 1,518 27.77 42.20 27.00 (Base-to-Expected Future) 1.16  
1994 132,800 1,000 18.19 21.00 27.00    
1995 106,500 1,328 18.95 22.00 27.00    
1996 143,200 1,795 26.37 31.29 27.00    
1997 161,700 1,863 32.17 31.29 27.00    
1998 142,300 777 26.60 31.29 21.50    
1999 166,100 2,495 30.35 31.29 31.25    
2000 155,700 2,753 28.79 31.29 31.25    
2001 232,600 14,469 21.05 31.29 45.00    
2002 276,900 3,760 28.29 31.29 31.25    
2003 373,200 8,008 21.54 31.29 45.00    
2004 367,858 8,350 20.55 31.29 45.00    
2005 268,744 5,525 25.61 31.29 33.25    
2006 230,390 6,444 27.08 31.29 38.00    

 
Average Base Period 
Harvest Rate (1983-2003)  35.36      

 
Average Current Period 
Harvest Rate (1994-2006)  29.78    

 
Average "Future" Harvest 
Rate (1983-2003)    29.81    

 
Average Observed 
Harvest Rate (1996-2006)  26.22      

1Observed harvest rates from 1983 to 1991 and maximum allowable harvest rates from 1992 to 2006. 
2Retrospective analysis of maximum harvest rates allowed under the abundance based harvest rate schedule. 
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Table 4. Estimated Survival Adjustments for B-Run Snake River Steelhead      
          
      Observed(%)     

Year 
Upriver Bright 

Run Size 

Total B-Run 
Steelhead Run 

Size 
Non-Treaty 

Harvest Rate 
Treaty Indian 
Harvest Rate 

Total 
Observed 

Harvest Rate  

“Future” 
Allowable 

Harvest Rate     
1985 196,500 40,870 2.00 31.03 33.03 17.00  Survivals 
1986 281,500 64,016 2.00 26.74 28.74 22.00  Base (1990-2003) 0.80 
1987 420,600 44,959 2.00 37.25 39.25 22.00  Current Maximum 0.83 
1988 340,000 81,643 2.00 23.45 25.45 22.00  Allowable Future (1985-2006) 0.81 
1989 261,300 77,604 2.00 35.01 37.01 22.00  Expected Future 0.84 
1990 153,600 47,174 2.00 21.55 23.55 17.00    
1991 103,300 28,265 2.00 29.95 31.95 17.00  Lifecycle Adjustment   

1992 81,000 57,438 2.00 26.33 28.33 17.00  (Base-to-Current) 1.04 
1993 102,900 36,169 2.00 19.10 21.10 17.00  (Current-to-Allowable Future) 0.97 
1994 132,800 27,463 2.00 18.59 20.59 17.00  (Base-to-Allowable Future) 1.01 
1995 106,500 13,221 2.00 18.62 20.62 15.00  (Base-to-Expected Future) 1.06 

1996 143,200 18,693 2.00 34.61 36.61 15.00    
1997 161,700 36,663 2.00 14.26 16.26 17.00    
1998 142,300 40,241 2.00 15.61 17.61 17.00    
1999 166,100 22,137 0.99 12.57 13.56 17.00    
2000 155,700 40,909 1.43 14.34 15.77 17.00    
2001 232,600 86,426 1.08 11.52 12.60 22.00    
2002 276,900 129,882 1.10 3.40 4.50 22.00    
2003 373,200 37,229 1.81 14.94 16.76 22.00    
2004 367,858 37,398 1.18 11.31 12.49 22.00    
2005 268,744 48,967 1.29 12.28 13.57 22.00    
2006 230,388 74,127 1.27 16.00 17.27 22.00    

          
Average Harvest Rate (1985-2006)   22.12     

Base Period Average Harvest Rate (1990-
2003)   19.99     
Current Maximum Harvest Rate   17.00     
Future Allowable Harvest (1985-2006)    19.09    
Average Observed Harvest Rate (1998-2006)   13.79     

 
 
 
 
 
 



Table 5.  Estimates Survival Adjustment for A-run Steelhead      

Return Year 
Wild A-run 

steelhead run size  

Non-Treaty 
Harvest 

Rates (%)/1  

Treaty-
Indian 

Harvest 
Rates (%) /2 

Total 
Harvest  

Rates (%)     
1985 51,922  2.00 19.51 21.51  Survivals   
1986 56,570  2.00 12.70 14.70  Base (1991-2003)  0.876  
1987 106,690  2.00 14.77 16.77  Current (1997-2006) 0.913  
1988 64,331  2.00 16.25 18.25  Expected Future 0.906  
1989 57,513  2.00 18.94 20.94     
1990 27,102  2.00 17.99 19.99     
1991 60,264  2.00 16.41 18.41  Lifecycle Adjustment   
1992 44,294  2.00 17.62 19.62  (Base-to-Current) 1.041  
1993 28,650  2.00 16.17 18.17  (Base-to-Future) 1.034  
1994 21,212  2.00 10.89 12.89    
1995 25,997  2.00 12.19 14.19    
1996 25,721  2.00 11.37 13.37    
1997 30,852  2.00 12.82 14.82     
1998 34,836  2.00 12.35 14.35   

1999 56,626  0.93 7.42 8.35     
2000 63,628  1.44 5.06 6.50     
2001 137,230  0.99 5.97 6.96     
2002 87,276  1.32 4.67 5.99     
2003 67,049  1.68 5.38 7.06     
2004 60,421  1.58 7.01 8.58     
2005 58,917  1.49 5.95 7.43     
2006 63,734  1.37 6.00 7.37     

Average Harvest Rate (1985-2006) 1.76 11.70 13.46     

Base Period Harvest Rate (1991-2003)/3 1.72 10.64 12.36     

Current Period Harvest Rate (1997-2006) 1.48 7.26 8.74     
Expected Future Harvest Rate/4 1.48 7.91 9.39     
     
/1 Non-Treaty mainstem sport and commercial harvest mortality rate of wild A-run steelhead in mainstem 
fisheries up to Priest Rapids Dam during all fishing seasons.     
/2 Treaty Indian harvest rate of Wild A-run steelhead in all fishing seasons.     
/3 Average return age 4-5 years; first harvest impact to brood year 1996 (used in Interior Columbia Technical 
Recovery Team analysis) would occur in return year 1991.     
/4 Assumes an 8.9% increase in impacts in the treaty fishery as a result of increases in fall season fisheries.     

 



 11

This Page Intentionally Left Blank 



NOAA Fisheries              
Supplemental Comprehensive Analysis 
 

Quantitative Analysis of Hatchery                         1                                                        May 5, 2008 
Actions Appendix 

Quantitative Analysis of 
Hatchery Actions Appendix 

May 5, 2008 



NOAA Fisheries              
Supplemental Comprehensive Analysis 
 

 
Quantitative Analysis of Hatchery                                      2                                            May 5, 2008 
Actions Appendix 
 



NOAA Fisheries              
Supplemental Comprehensive Analysis 
 

 
Quantitative Analysis of Hatchery                                      3                                            May 5, 2008 
Actions Appendix 
 

Quantitative Analysis of Hatchery Actions Appendix 
 
Stier and Hinrichsen (2008), attached to this Appendix, describe methods of calculating changes 
in productivity resulting from changes in hatchery management actions.  These methods were 
applied to five populations of SR spring/summer Chinook and four populations of UCR 
steelhead in the SCA.  Changes in hatchery management actions, the timing of the changes, the 
effect of the management changes on the relative reproductive success of hatchery-origin natural 
spawners (compared to that of natural-origin natural spawners), and the effect of the 
management changes on the expected fraction of natural-origin natural spawners are described in 
Sections 8.3 and 8.7 of the SCA. 
 
The following tables display the application of the expected effects of changes in hatchery 
management practices to the calculation of changes in return-per-spawner (R/S) productivity, 
using the methods in Stier and Hinrichsen (2008).   
 
The estimated fraction of natural-origin natural spawners (f) that has been observed to date is 
from the ICTRT data base for each population (Cooney 2007, 2008a).  The “future f” is either 
considered to be the average of the natural-origin fraction in recent years or it represents a 
different expectation based on current management practices, as described in SCA Section 
8.3.3.1 (SR spring/summer Chinook) and 8.7.3.1 (UCR steelhead). 
 
Estimates of the relative reproductive success of hatchery-origin natural spawners (compared to 
that of natural-origin natural spawners), e, during the historical period and the expectation for 
“future e” are either described in SCA Section 8.3 (SR spring/summer Chinook) and 8.7 (UCR 
steelhead), or in notes in the tables included in this Appendix.  Estimates are based on Araki et 
al. (2007a). 
 
Yellow highlighting generally indicates values that are different from those originally presented 
in the Action Agencies’ August 2007 Comprehensive Analysis. 
 
References 
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Table 1.  Estimation of base-to-current survival multiplier to represent changes in hatchery 
management practices for the Upper Grande Ronde population of Snake River spring/summer 
Chinook salmon. 
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Table 2.  Estimation of base-to-current survival multiplier to represent changes in hatchery 
management practices for the Lostine River population of Snake River spring/summer Chinook 
salmon. 
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Table 3.  Estimation of base-to-current survival multiplier to represent changes in hatchery 
management practices for the Catherine Creek population of Snake River spring/summer Chinook 
salmon. 
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Table 4.  Estimation of base-to-current survival multiplier to represent changes in hatchery 
management practices for the Minam River population of Snake River spring/summer Chinook 
salmon. 
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Table 5.  Estimation of base-to-current survival multiplier to represent changes in hatchery 
management practices for the Wenaha River population of Snake River spring/summer Chinook 
salmon. 
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Table 6.  Estimation of base-to-current survival multiplier to represent changes in hatchery 
management practices for the Wenatchee River population of Upper Columbia River steelhead. 
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Table 7.  Estimation of base-to-current survival multiplier to represent changes in hatchery 
management practices for the Entiat River population of Upper Columbia River steelhead. 
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Table 8.  Estimation of base-to-current survival multiplier to represent changes in hatchery 
management practices for the Methow River population of Upper Columbia River steelhead. 
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Table 9.  Estimation of base-to-current survival multiplier to represent changes in hatchery 
management practices for the Okanogan River population of Upper Columbia River steelhead. 
 

  



NOAA Fisheries              
Supplemental Comprehensive Analysis 
 

 
Quantitative Analysis of Hatchery                                      13                                            May 5, 2008 
Actions Appendix 
 

Attachment 1 
 
 
 
 
 
 
 
A Method for Estimating Population Productivity Changes Resulting from Certain 

Improvements to Artificial Propagation Programs 
 
 
 

Jeff Stier 
Bonneville Power Administration 

905 N.E. 11th Avenue 
Portland, OR  97232 

jkstier@bpa.gov 
 
 

Richard Hinrichsen 
Hinrichsen Environmental Services 

2366 Eastlake Ave E STE 227 
Seattle WA 98102 
hinrich@seanet.com 

 
 
 
 

March 2008 
 
 
 
 



NOAA Fisheries              
Supplemental Comprehensive Analysis 
 

 
Quantitative of Hatchery                                           15                                                          May 5, 2008 
Actions Appendix 
 

ESTIMATION METHOD1 
For salmonid populations where relatively accurate spawner counts and run 
reconstruction information are available, productivity can be measured as the number of 
adult progeny returning for each adult in the previous generation.  Progeny are referred to 
as recruits; parents as spawners.  The relationship is expressed in mathematical terms as 
recruits-per-spawner (R/S), or often as logarithmically transformed recruits-per-spawner 
(log(R/S)).  A mean log(R/S) value greater than 0.0 (geometric mean R/S>1.0) indicates a 
growing population over the time period used for the analysis; a value less than 0.0 
(geometric mean R/S<1.0) indicates a population declining in size.   
 
In calculating recruit-per-spawner productivity, it is conventional to count both natural-
origin and hatchery-origin fish spawning naturally as spawners whenever hatchery-origin 
fish are present on the spawning grounds.  However, only natural-origin fish returning to 
the spawning grounds are counted as recruits.  
  
Recruit-per-spawner productivity is, therefore, a measure of the productivity of the entire 
naturally spawning population.  However, in the 2000 Federal Columbia River Power 
System (FCRPS) Biological Opinion (BiOp), the National Marine Fisheries Service 
(NMFS) attempted to tease out the productivity of the natural-origin spawners within the 
spawning population by estimating lambda assuming two alternative values of the 
relative reproductive effectiveness of hatchery-origin spawners.  The Interior Columbia 
Basin Technical Recovery Team (ICTRT) has taken a similar approach in its treatment of 
certain Upper Columbia River steelhead populations (ICTRT 2007).  This approach treats 
hatchery-origin spawners within a naturally-spawning population as unwanted strays and 
attempts to estimate the productivity of the non-hatchery portion of the spawning 
population independent of the effect the hatchery-origin spawners have on the 
population’s measured productivity.   
 
As a matter of law and public policy, artificial propagation is widely used to supplement 
declining populations of salmon and steelhead in an effort to improve their status.  The 
hatchery-origin spawners in these populations are not strays; they have been intentionally 
produced and allowed to spawn naturally in order to bolster native populations of fish.  
Therefore we treat these populations as integrated wholes and use the method described 
in this report to estimate the productivity changes in the entire naturally-spawning 
population that result from certain improvements in hatchery practices (and thus 
improvements in the relative reproductive effectiveness of the hatchery-origin spawners 
within these populations).   
 
The emerging scientific consensus is that hatchery-origin fish are generally not as 
productive as natural-origin fish and that the difference in productivities is greatest when 

                                                 
1 This report is intended to provide an update to Appendix E of the “Comprehensive Analysis of the 
Federal Columbia River Power System and Mainstem Effects of Upper Snake and Other Tributary 
Actions” submitted by the Federal Action Agencies to NOAA Fisheries on August 21, 2007.) 
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the hatchery broodstock used is derived from non-local, domesticated sources.  Research 
into this issue is limited.  Very little is known of the relative reproductive effectiveness of 
hatchery-origin and natural-origin stream-type chinook salmon, for instance.  The 
relatively few existing studies on the subject are dominated by steelhead, coho salmon 
and Atlantic salmon.  
 
However, Berejikian and Ford’s review of the research literature advises that “to the 
extent that the general loss of fitness increases with the duration of the lifecycle spent in 
captivity, we believe that is it reasonable to extrapolate the results from steelhead, coho, 
and Atlantic salmon to hatchery propagation of other species that have an extensive 
freshwater life history phase” (Berejikian and Ford 2004).  For Pacific salmon in the 
Pacific Northwest, these species include stream-type Chinook salmon, which spend 
approximately 1 year in fresh water (Healey 1991), sockeye salmon, and anadromous 
cutthroat trout.   
 
Fitness in this instance is characterized in terms of relative reproductive success of 
hatchery-origin spawners compared to natural-origin spawners.  A case where hatchery-
origin spawners have reproductive success, or productivity, equal to that of natural-origin 
spawners  would be described in mathematical terms as hatchery effectiveness equal to 
1.0 (e=1.0).  Where hatchery-origin spawners are less productive than natural-origin 
spawners (which is generally believed to be the case), hatchery effectiveness would be 
estimated to be less than 1.0 (e<1.0).  
 
Mean log(R/S) values are estimated for individual populations of listed fish over an 
historical period.  These historical averages do not necessarily represent current 
productivities, in part because changes may have taken place as a result of hatchery 
reforms implemented in recent times.  Reforms that will likely have the greatest impact 
on mean log(R/S) include significant improvements in broodstock management protocols 
and curtailment of significant straying of hatchery-origin fish into native populations 
being managed as wild-only populations.   This method can also be used to estimate 
prospective changes in cases where significant improvements are made to broodstock 
protocols or where significant straying can be curtailed. 
 
By estimating the relative reproductive effectiveness of hatchery-origin spawners before 
and after a hatchery reform action, and making a reasonable forecast of the future 
percentage of natural- and hatchery-origin fish in the spawning population, it is possible 
to calculate the improvement in population productivity resulting from a hatchery reform 
action whose effect would be to increase relative reproductive success of hatchery-origin 
fish (or curtail straying of less fit hatchery-origin fish).   
 
We do not intend to suggest that the only negative effect that hatchery fish can have on 
population productivity and/or other viable salmonid population (VSP) parameters results 
from the lower reproductive effectiveness of hatchery-origin fish.  Risks associated with 
artificial production are significant and have been well-documented (see for instance 
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Busack et al 2004; Busack and Currens 1995; Waples 1999; Cuenco et al. 1993 quoting 
Riggs 1990). 
 
The method described in this report estimates only the expected effects on population 
productivity resulting from improvements to the relative reproductive effectiveness of 
hatchery-origin spawners within a naturally-spawning population.  It is acknowledged 
that improved hatchery practices could lead to other fitness and survival improvements in 
the natural-origin component of the population.  It is also acknowledged that adverse 
effects on the fitness of the natural-origin component of the spawning population could 
complicate the comparison of the relative reproductive effectiveness of hatchery-origin 
spawners to a hypothesized natural-origin fish (this would more likely be an issue for 
populations with extremely high historical hatchery influence).  However, any reduction 
in the estimated survival improvements that might result from genetic fitness loss in 
natural-origin spawners could be negated by a long-term improvement in natural-origin 
spawner fitness as a result of kinds of the hatchery reforms considered in this analysis.   
 
The following diagram illustrates the concept of improved integrated productivity due to 
improved hatchery effectiveness (setting aside genetic effects).  In the table on the left in 
Figure 1, R/S productivity of the naturally-spawning population is 0.5; 50 hatchery-origin 
and 50 natural-origin spawners produced 50 recruits (50/100=0.5).  For the purposes of 
this example, the hatchery-origin fish are assumed to be derived from non-native, 
domesticated broodstock and have relative reproductive effectiveness of 0.2  In the table 
to the right in Figure 1, broodstock management protocols have been significantly 
improved and the hatchery-origin fish in the spawning population are now thought to 
have relative reproductive effectiveness of 1.0 (i.e., they are producing an equal number 
of adult progeny as the natural-origin spawners).  All other things being equal, it is 
expected that the same numbers of hatchery-origin and natural-origin spawners would 
produce twice as many recruits, an overall productivity improvement of 100 percent 
(100/100=1.0). 

                                                 
2 This example is intended to simplify the concept.  It is not intended to imply that pre-reform hatchery-
origin spawners would be likely to have relative reproductive effectiveness of 0, nor that post-reform 
hatchery-origin fish would be likely to be as reproductively effective as wild fish. 
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Figure 1. Simplified Illustration of Hatchery Reform Effects on Productivity of the 

Naturally Spawning Population 
 
This phenomenon is even more clearly illustrated in a case where significant straying of 
relatively unfit, non-native hatchery fish is curtailed.  In the example above, it would be 
as though the hatchery-origin component of the naturally-spawning population was 
simply eliminated, again resulting in a productivity improvement of 100 percent, relative 
to the productivity estimated for the historical period during which straying occurred.    
 
Guidance from NMFS (NMFS 2007) provided the basis for the hatchery effectiveness 
and future hatchery/wild fraction estimates used in the Comprehensive Analysis (FCRPS 
Action Agencies 2007).  The NMFS guidance based its conclusions on works by 
Berejikian and Ford (2004) and Araki et al. (2006).  Briefly, four categories of hatchery 
programs were identified, distinguished primarily on the basis of broodstock management 
protocols.   
 

Category 1, includes non-local domesticated broodstock, hatchery-origin fish 
(hatchery-origin fish)<30 percent as reproductively effective as natural-origin fish 
(natural-origin fish); 
 
Category 2, includes local-origin natural-origin fish broodstock (the broodstock 
consists entirely or primarily of natural-origin fish each generation), hatchery-origin 
fish are 90 to 100 percent as reproductively effective as natural-origin fish; 
 
Category 3, includes local-origin natural-origin fish and hatchery-origin fish 
broodstock (includes varying mixtures of hatchery and natural-origin fish in the 
broodstock each generation), hatchery-origin fish are 6-45 percent as reproductively 
effective as natural-origin fish (Araki et al. 2006); and  
 
Category 4 includes captive and farmed broodstocks. 
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In the 2007 Comprehensive Analysis, hatchery programs affecting certain populations in 
the interior Columbia River Basin were assessed according to these categories, both 
historically and prospectively.  Estimates were made of past, present and likely future 
hatchery-origin fish/natural-origin fish fractions in the spawning populations.  The 
equations that follow were then used to estimate changes in productivity expected to 
result from past and prospective hatchery reforms.  

EQUATIONS DESCRIBING IMPROVEMENTS IN PRODUCTIVITY 
The equations that follow describe a method of estimating the changes in the productivity 
of the naturally spawning population as hatchery effectiveness improves.  Assume that 

thS , represents hatchery-origin spawners in the naturally spawning population, twS ,  
represents the number of natural-origin spawners in that population, and te  represents the 
relative reproductive success of hatchery-origin spawners.  The goal is to find an 
expression for the productivity of the natural spawners, regardless of their origin.  To do 
this, assume that the number of recruits from the natural-origin spawners is given by twR ,  
and that the number of recruits for the hatchery-origin spawners is given by thR , .  Further 
assume that the proportion of natural-origin spawners is tf and that twP ,  represents the 
productivity of the natural-origin spawners, and thP ,  represents the productivity of the 
hatchery-origin spawners. 
 
The productivity of all natural spawners is equal to:  
 

))1(()( ,
,,

,,,,

,,

,,,,

,,

,,
ttttw

thtw

thtwttwtw

thtw

ththtwtw

thtw

thtw
t effP

SS
SPeSP

SS
SPSP

SS
RR

eP −+=
+

+
=

+

+
=

+

+
=  

 
Let’s assume we are interested in how the geomean of natural spawner productivity 
changes over time, and we are interested in the change at time st  and assume the final 
time in the series is ft .  The change in productivity can then be described by:   
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One of the difficulties in applying this equation directly is that twP ,  is not known.  
However, if it is assumed that the average productivity of natural-origin spawners does 
not change after time st  then we can write: 
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If it is further assumed that the fraction of natural-origin spawners and relative 
reproductive success of hatchery-origin spawners do not change after time st  (assume 
they are fixed at *f and *e , respectively) then we can write: 
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The fixed fraction of natural-origin spawners, *f , could be set to the average over a 
subset of the data (e.g., the last 10 years) or to some assumed value.  The current method 
fixes st  at the most recently available year of spawner values and *f and *e  represent 
assumed future values. 
 
In order to place this result in terms of productivity ratios, the ratio of productivities is 
given as ).exp(δ  
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Memorandum – Final         F/NWR5 
 
To:   Bruce Suzumoto  
  
From:  Blane Bellerud, Ritchie Graves, and Gary Fredricks  
  
Date: April 21, 2008 
 
RE:   Assessment of the likely survival improvement resulting from enhancement strategies for 

steelhead kelts (B-run kelts in particular).  
  
Introduction  
 
Since steelhead are capable of surviving to spawn more than once (iteroparity), enhancing this life 
history has the potential to increase the number of steelhead spawners.  In the past kelts have generally 
been thought to be of little significance to inland populations of steelhead such as those in the Snake 
and upper Columbia Rivers.  However, recent research has indicated that kelts which return to spawn 
may be significant to many populations (Wertheimer and Evans 2005).  In this document, we review 
potential strategies for improving kelt survival and provide an estimate of the potential increase in 
Snake River B-run steelhead recruitment that could result if these enhancement strategies were 
implemented.  
  
Kelt Enhancement Strategies  
  
Reconditioning  
Reconditioning strategies are based on capturing downstream migrating kelts and holding them in 
tanks.  During the holding period they are fed and medicated to control disease.  The Yakama Nation 
have employed two different strategies in their reconditioning studies-long-term where the kelts are 
held until mature and then released directly into their natal streams, and short-term where kelts are 
reconditioned for 3-5 weeks and then transported and released downstream of Bonneville Dam 
(Branstetter et al. 2006).    
  
Survival of long-term reconditioned kelts in the Yakama program from 2001-2005 ranged from 19.6% 
to 61.8% in with an average success rate of 35.7% (Hatch et al. 2006). Success rates declined in recent 
years possibly due to the poor conditions of available kelts.  One potential problem with long-term 
reconditioning is that the actual success of reconditioned kelts spawning in the wild is unknown.  
Under hatchery conditions, progeny showed good survival until shortly after hatch when there was a 
50-60% increase in mortality (Hatch et al. 2006).  Another study (Stephenson et al. 2007) which uses 
DNA technology to identify the parents of outmigrating steelhead smolts has failed to identify any 
offspring from reconditioned kelts released into the streams where the study was conducted.  It is 
thought that these problems may be related to maturation or nutrition of the reconditioned kelts and 
more study is needed.  



  
The average survival rate of short-term reconditioned kelts to release 2002-2005 was 82.5%.  Short-
term reconditioned kelts (released downstream of Bonneville) returned to Prosser Dam at a rate of 
approximately 4.8%; approximately twice the rate of fish which were just transported to below 
Bonneville and released with no reconditioning.  To date, no progeny viability studies have been 
completed with short-term reconditioned kelts.  However, short-term reconditioned fish, which finish 
maturation in the ocean, may not have the same potential problems with the viability of their offspring 
which currently appear to be affecting long-term reconditioned kelts.  
  
Transportation  
Boggs and Peery (2004) transported kelts captured in the juvenile bypass system at Lower granite Dam 
(LGR) in 2001-2003.  Approximately 98% of transported kelts survived to below Bonneville compared 
with in river kelt survivals of 8.3% in 2001, 13.3% in 2002, and 33% in 2003.  Repeat kelt return rates 
(KRR) to Lower Granite of in-river migrants were approximately 0.5%, KRR of transported Kelts to 
Lower Granite was 2.3%.  Transportation not only resulted in a much higher FCRPS survival but also 
increased KRR by almost five-fold.    
  
Improved In-River passage  
The previous two strategies rely on capturing kelts.   Previous work (Dygert 2007) indicated that 
approximately 7% and 22% of the wild Snake River steelhead run pass back downstream as kelts into 
the bypass system at Lower Granite Dam with and without spill, respectively, and could be removed 
from the system for these extractive enhancement efforts.  The capture potential in the mid and upper 
Columbia River is unknown but likely much more limited since adequate capture facilities are limited 
or lacking at the dams in these river reaches.  This indicates that even with these other strategies in 
place, approximately 80% or more of the outmigrating kelts will pass downstream in-river and that 
passage improvements would be a benefit to much of the downstream outmigrating kelt population.  
  
Most of the passage and operational improvements currently being implemented for the benefit of 
outmigrating juvenile salmon and steelhead would also likely improve kelt downstream survival 
(Wertheimer and Evans 2005).  Such is probably particularly relevant for lower Columbia River 
steelhead stocks.  Kelts show a strong preference for surface passage; as indicated by the reduced delay 
and increased passage efficiency at of kelts at the Bonneville Dam Powerhouse II corner collector 
(B2CC) in 2004 (Wertheimer 2007).  Like the B2CC, in an RSW study (Clabough and Peery 2004) at 
LGR in 2002, 62% of radio-tagged kelts passed via the RSW, in 2003, 80% of kelts passed via the 
RSW.  In the lower Columbia kelt passage efficiencies ranged from 88-99% for spill rates in excess of 
30%.  The proposed surface passage routes to be installed in the FCRPS should benefit kelts both by 
passing more of them through a more benign  route of passage and reducing forebay delay, which may 
result in  kelts reaching the ocean more quickly, in slightly better condition, and returning at higher 
rates.  
  
Benefit Analysis 
  
This analysis is based on an earlier analysis conducted by Peter Dygert of NOAA Fisheries Sustainable 
Fisheries Division (Dygert 2007).  He estimated a potential 3% average increase in the number of B-
run spawners for a kelt reconditioning program.  We expanded on his analysis for the years 2000-2006 
to estimate the potential benefits of kelt reconditioning or transport under the PA spill program, with 
collection at both LGR and LGS.  
.      



For wild steelhead, Dygert estimated a 7% collection efficiency at LGR during spill, and a 22% 
collection efficiency during no spill periods (as a percentage of the prior years wild steelhead run at 
LGR).  Since he was unsure of the proportion of the kelts which would pass under each condition he 
used the average collection rate, 14.6%, for his analysis.  We used his estimates of spill and no-spill 
collection efficiency; however we weighted the analysis based on the proposed spill program which 
concludes voluntary spill in the lower Snake River on May 15.  To accommodate this management 
scenario we weighted the collection rates by the proportion of the kelts which passed during spill or no 
spill periods (based on kelt passage data from the Fish Passage Center).    
  
Steelhead kelts collected = (WSKR*Kspill* 0.7) + (WSR*Knospill* 0.22)   
  
where WSKR = wild steelhead kelt run;   
Kspill =  proportion of kelts passing during spill; and  
Knospill = proportion of kelts passing no spill.  
  
Dygert assumed that 11.8% of the wild kelts were B-run Steelhead.   However, more detailed analysis 
based on length criteria yielded an estimate that 18.7% of wild kelts were B-run steelhead (Ellis, 2008). 
  
B-run kelts collected= kelts collected *.187    
   
We also wanted to examine how many kelts could be collected if they were also collected at Little 
Goose Dam (LGO).  This required an estimate of the number of kelts remaining after collection at LGR 
and the number surviving passage through LGR and through the LGO reservoir.   The total number of 
wild kelts at LGR was estimated by extracting FGE (average for Bonneville Dam and John Day Dam 
juvenile bypasses reported by Wertheimer and Evans 2005) of 53.3% from the no spill collection 
efficiency under no spill conditions and then applying it to the prior years wild steelhead run (41.5%).  
We estimated a 70% dam passage survival for kelts during no spill conditions and a 80% dam passage 
survival for kelts during spill.  LGR to LGO reservoir survival of 96% was derived from the Snake 
River reach survival of 88.5% reported by Boggs and Peery (2004).    
   
The total number of kelts was calculated as the sum of weighted spill and no spill collections at each 
dam:  
  
Kelts collected (KC) =   
  
((WSKR* 0.7) + (((WSKR*.415)-(LGR Collection))* LGR survival*LGS res survival))*.7) *Kspill)   
+   
((WSKR* 0.22) + (((WSKR*.415)-(LGR Collection))* LGR survival*LGS res survival))*0.22) 
*Knospill)   
  
where WSKR = wild steelhead kelt run;   
Kspill =  proportion of kelts passing during spill; and  
Knospill = proportion of kelts passing no spill.  
  
B-run female kelts collected (BKC) = KC*0.187* 0.8 (proportion of female kelts)  
  
The total number of B-run female kelts collected was multiplied by the success rate of the various kelt 
enhancement strategies to give the estimated number of kelts provided by each strategy.  The average 
numbers of B-run female kelts contributed by the various strategies was divided by the average number 



of female B-run steelhead in the upstream run at LGR (3000) to give an estimate of the expected 
average increase in the number of female B-run steelhead passing Lower Granite Dam.  The results are 
listed in Tables 1 and 2.  The specific equation for each strategy is as follows:  
Long term reconditioning (LTR)  = BKC* LTR success rate*spawning success rate (assumed to be 1, 
but may be lower) 
 
Long-term reconditioning with viability loss = LTR * 0.5 
  
Short term reconditioning (STR) = BKC * STR success rate * STR kelt return rate  
 
 Transport (TR) = BKC * Transport survival * TR kelt return rate  
 
 In –River (IR) = (WSR*.415*.187) * IR survival * IR kelt return rate  
  
Results and Discussion  
 
Table 1.  Analysis results for prospective kelt enhancement strategies.  
Kelt strategy   Average  estimated numbers of B-run 

female kelts returned for spawning  
Percent increase to  average B-
steelhead female run  
2000-2006 (3000 females)  

LT reconditioning  267.0 8.90% 
LT reconditioning  w/50% 
viability loss  

133.5 4.45% 

ST reconditioning  24.5 0.82% 
Transport  12.5 0.42% 
 
  
Table 2.  Analysis results for current in-river passage conditions.  
Kelt strategy   Average  estimated numbers of B-run female 

kelts returned for spawning  
Percent increase to  average B-
steelhead female run  
2000-2006 (3000 females)  

In-River  2.3 0.08% 
In-River after 
collection  

1.1 0.04% 

 
 Long term reconditioning 
This appears to be the most promising of all of the potential kelt strategies.  However, there are two 
significant problems.  The first is the apparent problems with the viability of long-term reconditioned 
kelt offspring that may result from maturation timing and nutrition problems.  Further studies to assess 
the viability of reconditioned kelt offspring and potential solutions will be required before the 
potentials of this strategy are realized.  The second potential problem is the large amount of materials, 
facilities and personnel, and the accompanying high costs associated with this strategy.  
  
Short term reconditioning 
Though it appears that much lower numbers of kelts are returned to the spawning population, this 
strategy could approximately doubles the number of kelts that would be returned by transport alone.  



Additionally, since these fish complete their maturation in the ocean under natural conditions, offspring 
viability problems associated with maturation or nutrition seem less likely (though there has been no 
research to assess offspring viability of short term reconditioned kelts).  
  
Transport 
This strategy returns the lowest number of kelts of any of the strategies which capture kelts.  However, 
the numbers still represent a six fold increase in the number of kelts which return under current in-river 
passage conditions.  The logistical requirements of a kelt transport program are already in place for 
Snake River populations and would require relatively little additional effort in comparison to the 
reconditioning strategies.  
  
In-River 
Boggs and Peery (2004) cite an estimate of a 2% kelt return for the Clearwater river in 1952.  Our 
estimate for the current post hydrosystem passage conditions (0.08%) is much lower than the historic 
estimate indicating that there is much room for improvement in in-river survival from the ongoing 
passage improvements for juvenile salmon outmigrants, especially the implementation of additional 
surface passage routes.  The in-river after collection estimate represents the expected number of fish 
which would return after kelt collection for reconditioning or transport are removed from the 
population.   
  
Summary  
 
Wertheimer and Evans (2005) suggest enhancing kelt returns by pursuing passage improvements, kelt 
transportation, and kelt reconditioning  The results of this analysis support that suggestion.  The 
primary limiting factor for reconditioning and transport is the number of kelts which can be captured.  
Since the majority of kelt passage occurs during spill and kelts show a strong preference for surface 
passage routes, collection rates are likely to be relatively low under the proposed action.  Another 
caveat is that since the number of kelts which are captured is primarily dependent upon the number of 
kelts returning to LGR (after spending one to two years in the ocean), and in turn the size of the 
steelhead run, the effectiveness of kelt enhancement actions will be reduced to the extent that other 
activities (e.g. harvest) reduce the number (proportional survival) of the steelhead run returning to 
LGR.  
  
Considering the potential gains in B-run spawners listed in Table 1 above and the caveats discussed for 
each enhancement strategy, we believe an estimate of increased B-run returns could fall somewhere in 
the 0.4 –9% range depending on the strategies adopted.   Assuming a successful long-term recondition 
program and after adding a likely but unspecified survival increase from in-river survival 
improvements, we believe it is reasonable that an estimated average increase of 6% in B-run Snake 
River steelhead returns to Lower Granite Dam is possible.    
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MEMORANDUM FOR: F/NWR5 - Bruce Suzumoto 

FROM:   F/NWC3 - John W. Ferguson  
 
SUBJECT: Preliminary survival estimates among large west coast rivers 
 
 
As part of our NOAA Fisheries FCRPS Biological Opinion Implementation funding, I convened 
a mini-workshop on 16-18 July 2007 to discuss the current approaches and methods used to 
assess and estimate juvenile salmonid survival among large, west coast rivers.  The workshop 
was attended by Bruce McFarlane and Steve Lindley (SFWSC, Santa Cruz Laboratory), David 
Welch and several staff from Kintama Research (Nanaimo, British Columbia), and several 
NWFSC scientists from the Fish Ecology Division.  The goal of the workshop was to share 
information, develop common approaches, and hopefully reach agreement about how to make 
comparative assessments of survival among the rivers in the future and report results in peer-
reviewed journals.  The following preliminary estimates of survival among the rivers were 
discussed or are otherwise currently available.  The acoustic estimates of survival are preliminary 
and it is not appropriate to imply their meaning regarding policy issues at this time.  Further 
analyses, review, and replication will be needed before the utility of these data becomes clear.  
However, these are the best estimates currently available, and they are being provided in this 
context.  
 

• Estimated survival based on PIT tags of yearling Chinook salmon and steelhead from the 
Snake River trap to the tailrace of Bonneville Dam:  Preliminary estimated survival for 
2007 and comparisons to final estimates for the 2001-2006 are reported in a 
Memorandum to you from me dated 31 August 2007.   Mean estimated survival was 
56.0% for yearling Chinook salmon traveling through the entire hydropower system (all 8 
reservoirs and dams) in 2007, which was second only to 2006 in our series.  Estimated 
survival of steelhead traveling through the same reach was 39.2% in 2007. 

• At the workshop, David Welch provided powerpoint slides showing estimated survival of 
yearling Chinook salmon that were acoustically tagged and released from Kooskia 
National Fish Hatchery in the Snake River in 2006 (n = 396; FL >140 mm).  Estimated 
survival of acoustically-tagged fish and PIT-tagged fish appeared similar from the point-
of-release to the extent of our estimates based on PIT tags, or approximately 500 km 
below the release point in the Columbia River.  No statistical analyses were performed, 
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but the regressions for both sets of data showed similar patterns in survival versus 
distance through the hydropower system (SPIT = e-0.0015x and Sacoustic = e-0.0014x).   

• At the workshop, David Welch provided estimates on the survival of yearling Chinook 
salmon that were acoustically tagged and released into the Coldwater, Nicola or Soius 
Rivers of the Thompson-Fraser watershed in 2006.  Survival of these fish was estimated 
to detection arrays in the lower Fraser River near its mouth; however, the exact distance 
over which the estimates were made was not provided.  David also released acoustically 
tagged yearling Chinook salmon from Kooskia National Fish Hatchery in the Snake 
River, and measured survival to the McGowen channel below Bonneville Dam in 2006.  
He then compared to the survival of yearling Chinook released into the Thompson River 
tributaries and measured to the ‘mouth,’ to the survival of fish released into the Snake 
River to below Bonneville Dam, and reported that the survival of fish in both groups was 
similar (not significantly different); the 95% CI for Thompson-Fraser salmon appeared to 
range from approximately 14-34%.  

• At the workshop, David also compared the survival of steelhead released into the Snake-
Columbia River to steelhead acoustically tagged and released into the Thompson-Fraser 
system in 2006.  I do not know the total sample sizes, fish lengths, source, rearing 
history, or whether the fish released into the Snake-Columbia River were tagged with PIT 
or acoustic tags.  My notes indicate that the Thompson River steelhead were of wild 
origin.  The survival of fish in both tag groups was similar (not significantly different) 
when survival through the Thompson-Fraser was compared to the ‘impounded’ Snake-
Columbia; the 95% CI for Thompson-Fraser salmon appeared to range from 
approximately 21-39%.  These estimates are from a verbal presentation of data.  We do 
not have a document on this study at this time. 

• Steve Lindley presented results of the studies conducted in the Sacramento River.  Late-
fall yearling Chinook salmon (mean FL=160 mm) and steelhead (mean FL=180 mm) 
from the Coleman National Fish Hatchery located on Battle Creek below Shasta Dam 
were acoustically tagged and released at the beginning of 2007.   Estimated survival to 
the mouth (Golden Gate Bridge) was approximately 5% for steelhead and 2% for the 
yearling Chinook salmon.  It was an extremely low flow year in California in 2007, and 
they felt the resultant environmental conditions influenced the results.  I asked whether 
warm water temperatures were of concern, and they said no, these fish migrate during 
February and March on the outflow of the spring snowmelt off the west slope of the 
northern Sierra Nevada mountains.  They have analyzed their data and detections to some 
degree, and believe at this time that most of the mortality occurred in the freshwater 
component of the river. 

• In 2006, NOAA Fisheries, USGS, and PNNL initiated a study to compare the survival of 
acoustically- and PIT-tagged fish through the FCRPS.  The survivals of hatchery yearling 
Chinook salmon released at the tailrace of Lower Granite Dam were not statistically 
different among tag types to downstream sites (Little Goose, Lower Monumental, 
McNary, John Day, and Bonneville dams) except for the Lower Granite to Little Goose 
reach, where survival of acoustically tagged fish was higher than that of PIT-tagged fish.  
Mean estimated survival to Bonneville Dam was 0.48 (SE = 0.03) and 0.54 (SE = 0.09) 
for acoustically and PIT-tagged fish, respectively (Hockersmith et al. In review).  
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• Since 2001, we have been working with our partners (PNNL and USACE) to downsize 
acoustic transmitters for implantation into subyearling Chinook salmon and develop 
concomitant detection equipment.  In 2006, we evaluated survival for acoustically-
tagged, run-of-the-river yearling and subyearling Chinook salmon from below Bonneville 
Dam through the lower Columbia River and estuary and the mouth of the river (235 river 
kilometers) using the Cormack-Jolly-Seber (CJS) single-release survival model 
(McMichael et al. 2007).  Four groups of yearling Chinook salmon were obtained from 
the daily smolt monitoring sample at the Bonneville Dam Second Powerhouse, tagged, 
and released into the juvenile bypass system.  Preliminary survival estimates for groups 
of fish released on May 2, 11, 19, and 27 were 0.66 (SE = 0.035), 0.57 (SE = 0.036), 0.84 
(SE = 0.038), and 0.62 (SE = 0.040), respectively.   Eight groups of subyearling Chinook 
salmon were tagged and released at 5-d intervals from 17 June through 22 July.  
Preliminary survival estimates for the first four release groups ranged from 0.84 (SE = 
0.038) to 1.01 (SE = 0.046).  However, estimated survival for the remaining groups 
ranged from 0.67 (SE = 0.040) for the fifth group to 0.18 (SE = 0.041) for the final group.  
Mean estimated survival from Bonneville Dam to the mouth of the Columbia River was 
0.68 (SE = 0.038) and 0.66 (SE = 0.036) for spring and summer releases, respectively.   
Results from studies conducted in 2005 showed similar magnitudes and temporal trends 
in estimated survival.  Mean estimated survival during spring and summer 2005 was 0.69 
(SE = 0.061) and 0.50 (SE = 0.037), respectively.  

 
In summary, studies of comparative survival between tag types or among large west coast rivers 
are just beginning, but we have some estimates of survival through the impounded and regulated 
Columbia River, the regulated Sacramento, and the unimpounded and unregulated Fraser River.  
Other than the estimates of survival through the FCRPS based on PIT tags, estimates of survival 
through these rivers and the Columbia River below Bonneville Dam are preliminary and are still 
being reviewed, analyzed, and reported.  When using the CJS method to estimate survival, the 
results presented as survival actually include the joint probability of survival and the tendency to 
migrate to the downstream site.  For yearling (stream-type) juvenile Chinook salmon, data and 
observations over years of study suggest that smolts have a directed migration to the ocean and 
do not linger or residualize.  Thus, the “survival” estimates appear robust.  For subyearling 
(ocean-type) Chinook salmon in the Snake River, recent evidence shows that not all fish have a 
directed migration (Connor et al. 2005).  Thus, estimates of “survival” to downstream detection 
arrays for this life-history type represent a minimum estimate.  Tagged smolts that delay 
migration for weeks to months, but survive and migrate past downstream detection arrays after 
batteries in tags have died or the detection arrays have been removed for the winter, are not 
included in the standard CJS survival estimates provided here. 
 
Each tag type has its strengths and weaknesses; we are most comfortable with PIT-tag based 
estimates at this time because we have 20 years of experience with this tagging methodology.  
However, use of PIT tags to estimate survival requires a high level of infrastructure that is 
typically not available in large river systems.  Thus, we are discussing how to use and apply 
common acoustic-based methods among the studies of survival in large river systems to 
standardize the methods as much as possible.  Results of our discussions at the mini-survival 
workshop were positive and promising for achieving our goal of standardizing the source fish, 
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and the tagging, release, and analysis protocols.  All three research groups are very cognizant of 
potential tagging and tag effects (Chittenden et al., Submitted; Hockersmith et al. In review; 
Welch et al. Submitted).  Survival studies in all three rivers are scheduled to be replicated 
through 2009 to incorporate inter-annual variability, and we hope to develop a joint manuscript 
after the 2008 or 2009 field seasons.  David Welch has developed a draft manuscript comparing 
survival in the Fraser River to the Columbia River, and once the manuscript has been submitted 
to a journal, we will have a chance to review it and better understand the river reaches studied, 
source fish, analytical methods used, and the point estimates of survival reported. 
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